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(To be inserted at page 3083, Fart 4, Annual Heport Chief of Eugineers, 1890.] 

EUR ATA: BEPORT OF THE MISSISSIPPI RIVER COMMISSION, BEING 
APPENDIX W W, ANNUAL REPORT CHIEF OF ENGINEERS, 1890. 

Page 3084. — Under Surveys and Examinations, fourth line, for complete read 
completed. 
Under General Service, ninth line, insert with hefore thirty- 
eight. 
Page 3085. — Eleventh line, insert is before asked for. 
Page 3066. — Under Second district (&), second line, for plan read place. 
Page 30S7. — Ninth line, for District read Districts. 

Under Third district, second line, for Russell read Rossell; 
eleventh line for resulting read resulted. 
Page 3088. — Under (d), ninth line insert still before caving. 
Under A, third line, insert Ark. after Lakeport. 
Page 3091. — ^Under A, eighth line, for timbers read timber. 
Page 3092. — Under List of Appendices, C; for report read reports. 
Page 3093. — Under List of plates accompauying the foregoing report, reference to 
the photographic plates Nos. 5 to 33, Appendix F, is omitted; also 
three pho^graphic plates in Appendix I are not listed. 
KoTX. — No MS. copy of this list has been received. 
Page 3094.— Eleventh line, for 9i read 9i. 

Table, fourth column, for Quatrelle read Quatrelli. 
Seventh line below table, for 1754 read 1757. 
Tenth line below table, for statement read table. 
Nineteenth line below table, for Mag^ione read Maggiore. 
Twenty-first line from bottom, for Parma, Cremona read Parma* 

Cremona. 
Nineteenth line from bottom, take ont quotation marks at beginning of 

line. 
Fifteenth Hoe from bottom^ take ont quotation marks at beginning of 
line and complete quotation mark before arise. 
Page 3095. — Tenth line below table, for rise read increase. 

In General Wilson's letter, fourth line, for banks read sides. 
Fifth line in same, for points read places. 
Seventh line from bottom take out old. 
Page 3096.— Under (I) Cairo, fifth line, for 1.0 read —1.0. 

Under (3) Helena, second line, add Dec. *26, 1872, 0.00. 
Page 3097. — Twenty-fourth line, insert in part after probably due. 
Twenty-sixth and twenty-seventh lines, for 18 read 24. 
Twenty-eighth line, for 69 read 73, and for sixty-ninths 
read seventy-thirds. 
Page 3098. —First line, for country read century. 

Eleventh line, for straight read straighter. 
Seventeenth line, after stable regimen insert suited to its sed- 
iment. 
Nineteenth lino, after deep water insert So Bayou La Fourche, 
needing a high slope for stable regimen when its waters fall to the 
level of swamps but a few feet above gulf level, builds up its bed, 
necessitating high levees. 
Nineteenth line, insert too after so. 
Twenty- sixth line, for waters read water. 
Page 3099. — 9 — 8 lines from bottom, for • subsidence read subsidence. 
Page 3103. — ^Twenty-first line from bottom, for charge read overcharge. 
Page 3105, — Eighteenth line from bottom, for discharges read discharge. 
Page 3106.— Second line after each insert river. 

Sixth line, for dividing rivers read dividing the river. 
Twentieth line, for main read original. 
Page 3107.— Appendix C. Headline for J^eport for read Reports of. 
Page 3112. — Appendix E, first line of text, for operation read operations. 
Page 3113.— Thirteenth line, for 18 7 read • 1667. 
Page 3118. — First column, second line, for • substitute t. 

Last line, for the north read and north. 
Page 3119.— Fourteenth line in the report, for Tuttle read Turtle. 
Page 3120.— Last column, eighth line, for 18S1 read 18S2. 
Page 3123.— Section 10, tenth column, for 1 : 1.24 read 1: 2.24. 
Page 3124.— Section 35, eleventh column, for 279 00 read 279 30. 
Section 40, fourth column, for 191, 433 read 191, 453. 
Section 58, eleventh column, for 224 ii6 read 224 20. 
Page 3125.— Section 85, last cohinm, for 22,r)90 read 22,500. 
Section 88, last column, for 22,709 read 22,700. 
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Page 3125.— Section 93, fifth colaran, for 3,442 read 3,482. 
Page 3126.~>SeotioQ 108, third colnnin, for 25,206 read 25,200. 

Section 108, tenth column, for 1: 1.21 read 1: 2.21. 

Section 127, thirteenth column, for 16,000 read 16,900. 
Page 3127.— Section 137, twelfth column, for 69 37 read 59 37. 

Section 183, tenth column, for 1 : 3.22 read 1 : 1.32. 
Page 3128.— Section 199, twellth column, for 10 08 read 10 18. 
Page 3130.— Section 35, fourth column, for 25.7 read 27.7. 

Section 36, fourth column, for 27.7 read 25.7. 
Page 3132.— Section 155, eighth column, for 71.6 read 81.6. 

Section 156, eighth column, for 85.0 read 75.0, 
Page 3133.— Section 242, fourth column, for 55.9 read 25.9. 

Section 244, ill bh column, for 58.7 read 53.7. 

Section 246, eighth column, for 57.5 read 75.5. 

Section 256, eighth column, for 27.0 read 77.0. 

Section 265, seventh column, for 43.3 read 43.2. 
Page 3134.— Section 306, fourth column, for 24.4 read 34.4. 
Page 3135.— Section 394, sixth column, for 3,466 read 3,460. 

Section 402, sixth column, for 2,270 read 2,770. 
Page 3136.— Section 471, fifth column, for 100.9 read 109.9. 

Section 475, seventh column, for 78.1 read 75.1. 

Section 492, sixth column, for 2,268 read 2,263. 
Page 3137.— Section 519, sixth column, for 2,187 read 2,189. 
Page 3138— Third column, at Memphis and Chotard Ldg. insert '* 0. '^ in etLch 

case. 
Page 313^.— In table, column of lowest water, opposite White BiveTj Natchez, and. 

Red River Ldff. insert ''0.0" in each case. 
Page 3140. — In table, third line, for on read or. 
Page 3142. — Eighteenth line, after doing insert during. 
Page 3144. — In table, third column, opposite St. Joseph and Port Hickey 

insert "0." 
Page 3145. — Fifth line, second column, for * substitute t. 
Page 3149.— Mean velocity, Old River, Jan. 9, for 2.257 read 3.257. 
Page 3152. ^In formula for stages between 15 and 20 feet complete the parenthesiB 

thus: -f (20— A). 
Page 3155.— Feb. 14, in column of "scour or fill" for • substitute t« 

Feb. 16, mean velocity, for 4.481 read 3.481. 
Page 3157. — The headings in columns of ** water area," "scour or fill," ** mean velo- 
city " and " discharge," should read %quarefeet in the first two 
and feet and cuhicfeeif respectively, in the last two. 
Page 3160.— Dec. 1, mean velocity, for 5.381 read 4.381. 

Dec. 29, mean velocity, for 4.120 read 4.129. 
Page 3161.— Jan. 1, maximum depth, for 3.0 read 63.0. 
Page 3162.— March 6, area below datum for 165,511 read 160,511. 
Page 3163.— April 22, discharge, for 423,969 read 423,069. 
Page 3165.— In table, valuei^of h, Dec. 4, for 0.1943 read 0.1953. 

In table, last line, for 18J0 read 1889. 
Page 3167.— Feb. 23, mean velocity, for 4.405, read 3.405. 
Page 3168.— March 7, discharge, for 849,723 read 749,723. 
Page 3169.— April 4, maximum depth, for 45.0 read 75.0. 
Page 3173.— Jan. 31, reading of local gauge, for 29.69 read 29.60. 

March 24, number of velocity stations, for 12 read 11. 
Page 3174.— Jan. 13, mean depth, for 48.8 read 48.4. 

Jan. 29, discharge, for 948,073 read 958,073. 
Page 3176.— Feb. 5, fill, for -f read — . 

Feb. 18, rise or fall, insert " 0.0 " in blank space. 
Page 3176. — March 4, the mean velocity, discharge, and total discharge shonld be 
5.773, 1,067,372, and 1,098,372. respectively, instead of as printed. 

April 2, mean velocity, for 5.489 read 5.849. 

April 5, mean velocity, for 3.732 read 5.732. 

April 4, water area, for 195,501 read 196,501. 
Page 3177.— April 26, area below datum, for 192,252 read 192,352. 

May 6, area below datum, for 199,854 read 190,854. 

April 30, mean depth, for 49.6 read 49.9. 

May 7, water area, the following note should be inserted : Adopted 
from field computation, as sounding notes are incomplete. 
Page 3179. — Second paragraph, first line, for continued read continaons. 

Thirti paragraph, second line, take out hyphen after the 

figure 7. 
Page 3182.— Fifth line, for that read than. 

Twentieth line, for territory read tertiary. 






511, tmrapoiwgrftfiD, um uao, i 

H, tftht llue, futinix col u milt 



miert 



rend «i, 150.92. 
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S,500 rend 2/>0l>. 
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PagoMNl— .- itigrapb, fifth Unfl, for clinlklng 

F*!,;© :UK7.— I . xt, bsilwnco of fiiiuK ft>t l5i4iJ^-^2 

Fagf^UlS.^.— ^ amorttit in Trottflurj-j for 6^50,72 

p*ge 2l:?l*,— 1 fict, third Jitji?, eecood colonitj, for 

■■••: k 

Page Sld-L^l H't, third dohitiiti,ci|>{io^itegaitgefl,f«r 

^ i i ; unc b f e i gh t h colli tti t) ^ for ItJ , MK>.9^ 

> ! . 4 AC h ati d H arbor, fo ti rib ^^1 u lu n , for 

• ■ ■ -K 

Page 3195*— Lev e^*a, Vnjioo Front (Ben Lantotid)^ ftUttb eolnmiii for 

Twelftblhn?, tifler Eiifitiu;^ worts hinert prjtectlou of. 
Fa^3199, — Foitrtb lia^e'^ for two in ii|i|jroxtumt«ly btraiglit Imea T^od 

two appi'oicinii&telj liuvs* 
Pag^^SOO.^Fifrb lioe, omit , after UUnd. 

Twt?iitj'»ercnid Hne^ for at depths read of depths. 

Forty-r bird line, for Tb» dejitht rea^ Tbene deptht, 
Pajje 3-201*— Undt^r Motiej BtMemeDt, firs^t liDe, for July I read Jan« t 
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in 



cead 

48,617.76. 
r«ad 



11»77^. 



P*g*3au2.— Uodpr Plum Poiot Keaob, tbird eolamn.for $62|<^10«&5 

Page3203,—Uiid&r HiekotaRiK^^^ last col amtii for 4S|ti47.78 read 
Under Fir^t diHtrlcbi firvt columD, for Uuiiter Sc Tray 
Hnutpr &, Frey* 

So. ^^ 'for Highman read Hickinttu. 
iid totnl, Amt,f uiiith Itno, for 71,775 read 
j.^'Hrp^ai I r Work done, insert feist after sf,717 »iiiii4re. 
SO*— Stcond tablet lir*it Une, third eoliinin, for 31.1 read 31.0, 
! u^' -'^iL^Appe&dix Gt fifth line of testj for 130 miles r&ad ie^) miles, 
Uuder Memphis Harbor, fourth Ume» for in the read in tboir. 
Tbe sariie, foiirt<?t*titb lioe, for grass read Jfross. 
PttgeSSl3* — Under Deti^ils of Construction, niutb iine^ for imdetermltied read 

tiudenintted. 
Page 3216,— In the high-wat<!T tabb, tilth line, for IB^ read 18§7, 

The saioe. sevtsnth iine, for Mhoen'a read Mboons, and for 
L76 rt^ad L70. 
Pft|^3217t — Seventh line, for known point read known at that point, 
Kighth Hue, for was 1,15 r^ad w&sbjl. 15. 
In tbe Ket^ Madrid table, beading of fourth coluniD, for icoood 
J rend secoud. 
F«^ ^Id.— In the Blemphis table, under Area, Mar. 2%, for 147,637 ri»ad 

Pag%3fi!20.^^ey«nteeuth line^ for coucltision, if reached read «ouoluslon U 

rcacheil. 
Page 3231. — Twenty- first line, for quaatitively read qnantitatii'ely. 
T 1 "".riinb lino, jnaerD the before resiraiDt. 

'-nth liue^ for at tbe HocmI read of the llooil, 
L ..... „L.k froui bottom, for Hushpuokena read ]Ju»ihpiickana' 
Plbge 3223.— ^ttftvlill^ of next to last table for SurYoy read Snrveya, 
Pftge;i224.— in^dir Money at ate men r, LiLst cohmtti, for 4*4771.4:3 read 

4'i, 777. 43. 
Pagie 322d.^Fl ret Uht^t tMrd line, nnderCompenaation, for 130 read 120. 
Second ralde.. third linet nnder Exports, for 369 reid 3lS0, 
Second t It hi e, t h i r tv^ n t b II o p, u 1 1 d ar K x 1 1 or ts, for 5,95 1 reiid .^*9"/l ♦ 
Second tJibli% onder Eiports, Totnl, for 93, eOr^ read 93,m7. 
Pa g© 3251 ,^T w r n i >' ' St? V t- nth lin e fro m bot torn , for th e se are re iid these are . 
Pagea833**-Hisih/twelftii, and fifteenth lines from bottom, ebango c^otnmii 

to decimal point before laat two tignres in eaoh cose* 
Page ^3§« -^Second line, for Vicksburgb rend Vit^kahnrg, 

Fiftb line from hotlom, for 40,500.40 read 40,550«49. 
Pag(l3S39»'*-Twenty'eighth line from bottom, for gttarautled read gnaran* 
t*x^d. 

nth Hue from bottom^ for link-leatbi^r read link leather. 
paragrapb, last line, for X8S0 read 1889. 
: uentblmf^ from bottom, iuaert f before 1.27|» 
table, third liue, undiT coMti for 1,496.65 read 1,495.65* 
• ,1^1. ^^i, — i ,^r^^ table, nnder Gre^nyjlle Ki-iucii^ sixth line, insert of aftur 
cost. 



Page 3253. —In table, eighth line, for 3f read 3^. 

The foot-notes are printed on page 3*254. 
Page 3255. — Twentieth line from bottom, for Maroh 21 read March 31. 
Page 3265. — Seoond table, for Apr. 24 read Apr. 25. 
Page 3267. — First table, second line, last column, for 96 read 94. 

Second table, fourth line, second column, for 1,657. 34 read 
1,667.34. 
Page 3268. — Seventeenth line from bottom, for Fileher's read Pilcher's. 

Eighth line from bottom, for 30 read 20. 
Page 3269»— Third line, for slide read side slope. 

Twenty-sixth line, for direction read directions. 

Ninth line from bottom, for surface read seepage. 

Fifth line from bottom, for crevasses read of a crevasse. 
Page 3272. — Thirteenth and thirty-sixth lines, for Sterling read Starling. 
Page 3273. — ^Twenty second line, last word, for at rea^ a. 

Thirty-fifth line, for number of read numberless. 

Twenty-second line from bottom, for floods read flood. 
Page 3276. — Report of Mr. J. J. Hoopes, second line, for or read of. 
Page 3277.— Table opposite Apr. 11 , last column, for 212,497 read 212,479. 
Page 3278.— Second table, in discharge at Luna, Mar. 25, put comma instead 

of decimal point after second figure. 
Page 3279.— Opposite Bog|;y Bayou, under Remarks, for Apr. 3 read Apr. 9. 

Opposite Chicot, under Date of obbcrvation, for Apr. 11 read 
Apr. 17. 

Opposite Drainage openings, under Remarks, for 248,600 read 
148,600. 

Opposite Lower side of Catfish, in column of Dates, inclose the four 

double dates, thus: ^ Apr. 13. \ 
Opposite Easton, under Discharge, for 52,296 read 55,296. 
Page 3280. — Opposite Skipwith's, Apr. 2, under '^method used" change do. to 

Meter. 
Page 3281.— Table, Jan. 31, under Total, for 2,050 read 1,050. 

Table, heading of fifth column, for on read in, and omit 5. 
Page 3282.— Second table. Apr. 17, under area, for 42,095 read 42,075. 

First table, heading of fifth column, for on read in, and 
omit 5. 
Page 3283. — Tenth line, after apportioned, insert as follows: 

Under the last two financial statements, after the footing insert Bal- 
ance, June 30, 1890, 0.00. 
Page 3284. — Under the last three financial statements, after the footing insert Bal- 
ance, June 30, 1890, 0.00. 
Page 3285.— Fifth paragraph, fourth line, for July, 1890, read July, 1889. 
Sixth paragraph, fourth line, for begin read begun. 
In heading, for Fred. F. Spalding read Fred. P. Spalding. 
Page 3287. — Second line, for works read work. 

Under Financial statement, fifth line, insert levees before Lake 
Bolivar Front. 
Page 3288.— Fourth line, for lists read list. 
Page 3289. — Under the construction of levees, etc., twentieth line, for the channel 

read this channel. 
Page 3291.— Eleventh line from bottom take out the period after first 

word. 
Page 3292. — First line, put period instead of comma after height. 
Page 3693.— Second line from bottom, for 13,500 read 18,5G0. 
Page 3295.— Fifteenth line, for permitted read permit. 

Nineteenth line from bottom, for 4.373 read 4.378. 
Eighteenth line from bottom, after water-surface insert at the 
crevasse. 
Page 3297. — First paragraph, last line, for 4.82 read 4.2. 
Page 3300. Under No. 15. eighth and ninth lines, take out hyphen after 
horse-slioe and after V. 
Last paragraph, third line, after It was insert in. 
Page3301.— Table, second line, under Depth, for 3.5 read 8.5. 

Table, opposite No. 4, under High- water mark, for 1.8 read 1.6. 
Table, opposite No. 30, under Velocity, for 1.3 read 1.8, 
and under Amount raised, for 2.9 read 2.0. 
Page 3302.— Table, opposite Lobdell, under Width, for 1081 read 198L 
Page 3304.~8econd line from bottom, for 8 read 6. 
Page 3307. — Seventh line, for harbors read harbor. 
Page 3309. — Sixteenth line, insert by them after overflow. 

Fourteenth line from bottom, for 188vS read 1889. 



Plige 3310.— Secoad paragraph, second line horn bpttom, for 64.301 read 

64,301. 
Pa£^e 3312.— Second line, for 2,000 read 2,900. 
Tweinh line, for 1885 read 1883. 

Second line above the heading Ganges, for those read these. 
Page 3313.— First table, March 5, under Discharge, for 1,251,659 read 1)251,- 

639. 
Page 3315.— Under Money statement, last table, after third line insert July 1, 

1890, outstanding liabilities, 0. 
Page 3316.— In List of civil engineers, time of W. G. Price at Simmsport. on discharge 
observations, for 2 months, li days read 21i aays. 
Seventh line from bottom, for The space read This space. 
Page 3319.— Twenty-first line, for continued read continues. 
Twenty -sixth line, for that read this. 

Under Hardscrabble Levee, dfth line after levee insert was 
used to raise the river crown and as a result the levee. 
Page 3320.— Under L* Argent to Rifie Point, seventh and eighth lines, for rotton 
read rotten. 
Ninth line from bottom, insert it before dilBcolt. 
Page 3321. — ^Nineteenth line, for were read was. 
Page 3326.— Under Panola, second line, for building read buildings. 

Under Concordia and Fletcher, third line, for sea read seep. 
Page 3330.— Under Cost and material were, fifth line, for 3 by 6 feet read 3 
by 6 inch. 
Fifteenth line from bottomi for Qouldsborough read Goulds- 
boro. 
Page 3332.— Fifth line, insert inch after 8^. 

Eighteenth line from bottom, for Spur No. 3 read Spur No. 2. 
Seventh line from bottom, for $45.21 read t^4.21. 
Page 3333.— Eleventh line, for 119.40 read 11,940. 

Second line from bottom) for 40 by 136 read 40 by 145. 
Page 3334.— Eleventh line, for |2,513.78 read $1,513.78. 
Page 3337. — Under Sarveys, second line, after Morganza insert Reach. 
Page 3346. — Under Stonewall or Lanaux crevasse, last line, for in levee read 

of levee. 
Page 3347. — Under Preston crevasse, eleventh line, for 4 by 4 feet read 4 by 

4 inch. 
Page 3354.— Fifteenth line from bottom, for 1880 read 1890. 

Seventh line from bottom, for hauled read handled. 
Page 3355. — Tenth line, opposite Wrapping paper, for 672 read 679. 
Page 3356. — Sixteenth line from bottom, opposite Wooden-ware, for 3,509 read 

3.500 
Page 3357.— Twelfth line, opposite Groceries, for 352,032 read 52,032. 

Thirteenth line, opposite Wooden-ware, for 2,030 read 32,030. 
Under Articles of cargo, opposite corn, for 14,895 read 14,896. 
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EXTRACT FROM THE ANNUAL REPORT OF THE CHIEF OF ENGINEERS 

to the secretary of war.] 

Office of the Chief of Engineebs, 

United States Abmy, 
Washington, D. 0., Octobtfr 4, 1890. 



MISSISSIPPI RIVER COMMISSION. 

This Commission, organized under the provisions of the act of Gou- 
gress of June 28, 1879, reports to and receives instractions from the Sec- 
retary of War through this ofl&ce. 

The report of the Commission for the fiscal year ending June 30, 
1S90, emhracing the following subjects, viz : (1), Surveys and exam- 
inations; (2), Construction; (3), Financial Statement; and (4), Esti- 
mates, will be found in Appendix W W. 

The estimate of funds required for the service of the Commission for 
the fiscal year ending June 30, 1892, is stated in the above-mentioned 
report as follows : 

ESTIMATE OF FUNDS FOR THE MISSISSIPPI RIVER COMMISSION FOR THE FISCAL YEAR 

ENDING JUNE 30, 1892. 

For salaries, iDspectiuns, and traveliD|;i^ expenses of the Mississippi River 
Commission ; for printing and telegrapning ; for office expenses and 

misceUaneous $35,000 

For survey 8 and examinations of the Mississippi River from the Head 

of the Passes to its headwaters, continuing survey 150, 000 

For improving the Mississippi River from the Head of the Passes to the 

month of the Ohio River 4,000,000 

For work at — 

Hickman, Ky 111,250 

Greenville, Miss 350,000 

Vicksbnrg, Miss 175,000 

Natchez, Miss 1^0,000 

New Orleans, La 200,000 

Redand Atchafalay a rivers 350,000 

• • • • • • • 
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APPENDIX W W. 



ANNUAL BEPOBT OF THE MISSTSSIPPT BIVEB COMMISSION FOB THE 
FISCAL YEAR ENDING JUNE :iO, 1890. 



The Mississippi Eiveb Commission, 

Pbesident's Office, 
New Yorky June 30, 1890, 
SiB: The Mississippi Biver Goramission sabmits herewith its annaal 
report for the fiscal year ending June 30, 1890. 

At the date of its last annual report, for the reasons therein .stated, 
no large amount of work had been done by the Oommission under the 
appropriation contained in the river and harbor act of Angnst 11, 
1888. During this year the work has been vigorously prosecuted and, 
with the exception of some of the special local appropriations, the ap- 
propriations are now practically exhausted. 

During the most of the year the Oommission has not had sufficient 
funds available for its own expenses } to hold meetings or to obtain by 
j^ersonal inspection of the works the knowledge of their condition in- 
dispensable to an efficient supervision. 

It bad been expected that considerable balances would be available 
during the coming low-water season for the prosecution of the works, 
especially at Lake Providence ; but the flood of 1890 supervened and 
threatened the destruction of levees from Helena to New Orleans, 
which were of greater strength and in better condition than ever before. 
Nearly all balances available were diverted to holding these levees 
(some of them constructed by the United States) in order to save the 
expense of their reconstruction and the widespread injury that would 
be done to all the lands behind them in case they should break. About 
$220,000 was diverted from other balances and applied to this purpose. 
While the attempt was not entirely successful, the extent of the disas- 
ter was largely reduced by the exertions of the local authorities and 
by the use of the funds supplied by the Oommission. Out of an aggre- 
gate length of levees on the Mississippi below Oape Girardeau, amount- 
ing, when the flood began, to 1,294 miles, the aggregate amount of 
breaks during the flood was but 6.5 miles. The district officers were 
! energetic and untiring in their endeavors to hold the levees. The im- 
I portant breaks were all below the Arkansas Eiver, and from that 
I point to New Orleans, with the exception of Vicksburg, the river was 
higher than ever before known. 

If the flood be considered as to its maximum discharge, it was also a 
great one, though not as great as that of 1882. Oaptain Leach esti- 
mates the maximum discharge across the parallel of Helena at 1,617,000 
cubic feet per second, and as 231,000 cubic feet less than that of 1882. 
Oaptain Young estimates the maximum discharge at Arkansas Oity, in- 
cluding crevasse escape, at 1,721,000 cubic feet per second on April 13, 

30ti3 
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This work has been io charge of Gapt. O. F. Powell, Corps of En- 
gineers, the secretary of the Commission. Duriug the year the survey 
of the Mississippi has been completed from Chester, Mo., to Alton, III. 
The triangulation is complete to Keokuk, Iowa, and the precise levels 
to Falton, 111. Editions of 36 sheets of the -^hns ^^V o^' the Mississippi 
Eiver have been printed, nnmerons discharge observations have been 
re-eompnted, and mnch miscellaneous work has been done. For details 
see Captain Powell's report, Appendix E. 
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1890. In 1882 it was estimated at about 2,000,000 cubic feet per second. 
Captain Kingman estimates the maximum flow across the parallel of 

latitude at the mouth of the Red Eiver at 2,031,587 cubic feet pOT ^-^ 

second on May 7, 1890. In 1882 it was estimated at 2,200,000. ^^ 

Much valuable information in reference to the flood of 1890 will be ^ 

found in the reports of the district officers. The lesson taught by the ^ ^ 
flood is the same as tibat of other great floods^ namely, the necessity of 

raising and strengtheniug the levees. ^ 

The survey of the Mississippi River has been continued. XJuder tbe -^ 

wording of the appropriations, it is not specifically under the control of ->^ 

the Mississippi Biver Commission, although the Secretary of War has -^^>i 

so assigned its expenditure. Since the Investigations made in this 1^ 

survey arc, some of them, especially necessary to the Commission, the oaa 

appropriations might well be among the Commission appropriations, as |>^i 

was formerly the case. ^ 

As to the results obtained by the expenditure of the last appropria- m 

tion, it may be said that in general the work done by the Commission 1^;^ 

during the year has been successful, and is producing the results de- it i: 
sired. In the improved part of the Plum Point Reach, the least navi- ' ^p. 

gable depth in 1888 was 13.5 feet, and in 1889 10 feet. In that part of 'dsi 

the Lake Providence Reach where work has been done, the least navi* I'>^< 

gable depth in 1888 was 9 feet, and in 1889 8 feet. K^\ 

A detailed account will now be given of the work done in the last Ai 

year, supplemented by appendices containing the reports of the officers ^m 

in immediate charge of the works. v'^^i 

riiL 

SURVEYS AND EXAMINATIONS. Cod- 
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This has been in charge of Capt. C. F. Powell, and the work has ictt 

been mainly confined to the delivery of stone to various works and to Hti 

building barges. There were delivered to the first and second districts Uikj, 

19,134 cubic yards of stone. The barges under contract at the lafsit Leit: 

report were completed and ten new barges built. Repairs were made mti 

to the general service steamers. .ecr^ 

The towage cost of stone and coal by the general service has been tor] 

computed for the seven years ending December 30, 1889, at 6.2 mills i^; 

per yard-mile, thirty-eight months of work and forty-six months of sus* (o., 

pension. The relative cost of towage in the low water of 1888 and the Ii 

high water of 1889 was found to be 15.8 mills per yard-mile for the former i-ju 

and 2.4 mills for the latter. For details see Captain Powell's report, >iii 

Appendix E. 1 

First district. ^j 

(Cairo to foot of Island No. 40, 220 miles. Officer in charge, Capt. 8. 8. Leach, j o 
Corps of Engineers, U. S. Amiy. Headquarters, Memphis, Tenn.) , ,,," 

(a) Columbus^ Kentucky^ 21 miles below Cairo, — The expenditures at u\-| 
this point have been from specific appropriations in the acts of 1886 and 
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1888, amoanting together to $43,760. The approved project provided 
for a revetment of 5 spar-dikes to protect aboat 2,200 linear feet of 
bank threatened by caving. 

The same plant being u^ at Hickman and Oolnmbos, only prelimi- 
nary work was done at the latter place before completion of the work 
at Hickman. O^nfitruction was began early in December, 1889, and 
continued nnder difficult conditions of river and weather for nearly a 
month, when the approach of high water caused it to be suspended, 
one-half the work being accomplished. It is expected that operations 
can be resumed in time to complete the protection during the summer. 
No farther appropriation asked for. 

(b) Hickman^ Kentucky^ 36 miles below Cairo. — Caving has been going 
on at the upper part of the town, and about 1,000 feet of the bank has 
been protected, the upper end of the mattress revetment resting on a 
bard point of indurated clay. The expenditure has been from specific 
appropriations in the acts of 1886 and 1888, amounting together to 
$88,750. The form of the shore and the character of the strata of which 
it is composed compelled the adoption of special methods of anchor- 
age and of grading, and gave the work a somewhat higher cost than 
usual. The mattress was begun October 4 and finished October 24, 

1889, the cost of the work being $24.10 per linear foot. It does not ap- 
pear that any displacement has occurred during the flood of this year. 

Above the clay point already referred to, the alluvial bank is caving 
rapidly ] but until the clay point wears away, which may not be for 
several years, the caving at the upper end of the town can be stopped 
with the balance of the appropriation remaining on hand. Should 
Congress deem it advisable to carry the protection along the low bottom 
above the clay point $111,250 additional would be needed. 

(c) Plum Point Reach, 147-186 miles below Cairo.— {1) Fleteher^s Be- 
vetmenL — ^The allotment for this work from the appropriation of 1888 
was $131,000. The approved project was for the construction of 7,400 
feet of mattress revetment in five sections, of which there remained 
unfinished at the time of the last annual report 2,100 feet, in two sec- 
tions. Work on these sections was begun towards the close of May, 
and after some delays due to the stage of water in June and July, was 
finished by the middle of September, 1889. 

The 7,400 feet of revetment constructed in the two seasons is distrib- 
uted along a distance of nearly 13,000 feet, the upper part being 3,000 
feet in continuous length, and the lower part being divided into four 
sections, each 1,100 feet in length, and separated by intervals of 300, 
400, and 500 feet. Between these two parts is a space of 3,800 feet, 
near the middle of which a false point formed by a piece of old work, 
until recently projected into the river. This interval was left unpro- 
tected in order that the point might cave back to the line of the new 
work. This caving took place during the high water of 1890, and it is 
proposed that the upper section of revetment be extended down stream 
to cover this part of the bank. 

The experiment has been tried at the lower part of this bank protec- 
tion of revetting lengths of 1,100 feet of bank^ leaving intervals of 
300 to 500 feet between them unrevetted, to see if this would give an 
efficient bank protection while reducing cost. Thus far the protection 
seems to be sufficient, but the test has not yet been long enough to en- 
able final coDclnsions to be drawn. 

(2) Plum Point Eevetment. — A piece of mattress revetment 800 feet 
long has been placed half a mile above Plum Point Landing to check 
caving that t^breatie^ed the stability of the crossing just below. 
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(3) BanielPs Point BevetmentJ-^A^ TSkpid caving was going on in the -^^f?^ 
bend above DanielPs Point, which threatened to disturb the regimen of ^^"^ 
the river below, its protection was undertaken. The approved project * J^J. 
provided for a revetment of about 5,000 feet in length, at an estimated ^^^ . 
cost of $100,000. The work as completed January 14, 1890, forms a ^^^ 
continuous protection of 5,300 feet from the extreme point up, and is *Y.^'. 
designed to fix the channel of the river, which was in danger of deteri- ?* ^^ J"' 
orating from the caving at the point and in the bend above. To meet -^^^^^ 
the great strain to which it would be subjected the work was heavier 
than usual, and was constructed with especial attention to details. The 

cost per foot was therefore relatively high, being about one- third greater . 
than that of the continuous portion of the B'letcher revetment. ^^ *^^^ 

(4) Mmot and Island Ifo. 30 Dikes.— As noted in the last annual re- '^^^'v 
port, this work was suspended after the greater part of the foot mat '-^^l ^^^ 
was laid, because of the low stage of water in 1889. It was resumed ^^^^^^ 
in February, 1800, and after some interruption by high water is now ff^f 
within a fe^ days of completion. ^ 

Results. — ^The least low-water depth through the part of the Plum inenMt 
Point Beach which has been improved was 13.5 feet in the very low- ^^^^^}'^ 
water year 1888, and 10 feet in 1889. This improvement on the origi- Appe^dix 
nal low-water depth of about 5 feet is necessarily accompanied by a 
reduction in the steep low-water slopes which formerly existed over the 
bars. The low-water fall from DanielPs Point to Craighead Point, a Monthof 
distance of 20 miles, was about 2.8 feet less in 1889 than in 1879. \lK^m 

For details of work in the first district, see report of Gaptain Leach, ^^^g^ < 
Appendix F. (a) lah 

toBfinedt 
Second distrieL i^templj 

(Foot of Island No. 40 to mouth of White River, 180 milea. Officer in cbftrge, Uta^yfQ 
Capt. S. S. Leach, Corps of Engineers, U. S. Army. Headqaarters, Memphis, Tenn.) ^^ j 

(a) Memphis Beaohj 226 miles below Cairo. — Bnt little work has been snklQg t 
done during the year. In the original design of the system of dikes jib lower 
known as the <' Citizens' Protection," it was es:pected that natnral de- oftbesci 
posits of silt would replace the perishable brush. This natural accre- the used 
tion not taking place, it was decided to protect the uppi)er ends of the stcoe toi 
dikes with a covering of earth and pavement of stone, and this plan was ^\tr-\c 
carried out with four of the dikes. Dike l^o. 3, being of less import*' and hen 
ance, was left untouched, and is now entirely masked by earth dumped stances, 
above it by various parties. %^ I 

In consequence of the recession of Hopefield Point a bar has formed the woi 
at the upper part of the harbor, cutting off access at low water to the \\{^^i 
levee above the elevator. A plan to remedy this diflBculty is now before at Aja; 
the Gommission for consideration at their next meeting. ^5^^ 

The onl3' damage occasioned by the flood of this year is a fault of 50Q ¥\f^'^^ 
feet in the upper work of Hopefield revetment, which will be repaired i^^«, 
during the coming season. Yi(>^^ 

The district officer submits an estimate for the fiscal year 1892 ol to foi 
$37,000 for Memphis Harbor. be 5 

{b) Helena Harbor ^ 306 miles below Cairo. — The approved project fot j|j 
this plan, under a specific appropriation of $75,000 in the act of August been 
11, 1888, provided for the protection of 3,000 feet of bank by 600 feet year 
of continuous revetment in front of the elevator, and a system of five j) ' 
spur dikes further down, together with a drainage canal to carry oft p^^ 
swamp water from the back of the levee. The canal was finishedl ^^^ 
about the close of the last fiscal year, and the mattress work at th€j ]i(^ 
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evator in September, 1889. Dikes 1 and 2 are finished, the other three 
re still incomplete. 

The dike construction was attended with unusual difficulties from tbe 
)rce of the current and the interference of drift, and two floor mats 
i succession were lost at Dike No. 1. This with sliding of tbe bank 
cm No. 4 to No. 5, which required extension of work at those dikes, 
lade it impossible to finish the protection within the appropriation, 
'ifteen thousand dollars additional is needed to complete the work. 

LEVEES, FIBST AND* SECOND DISTRICT. 

The levee at Laconia Oirde, above the mouth of White Biver, was 
vertopped by the flood which was here 2 feet higher than any previ- 
nsly recorded. The only break in these districts was a small one at 
Lustin, Miss., 288 miles below Cairo. The plum Point levees were 
ratched and cared for. Those near Helena were protected mainly by 
be local levee board. The Mississippi levees in the second district were 
ttended to exclusively by the State authorities. 

For details of work in the second district, see report of Gaptain Iieach, 
Lppendix G. 

l^ird district. 

(Month of White River to Warren ton, Mies., 320 miles. Officer in charge, Oapt. 
V. T. Rnssell, Corps of Engineers, U. 8. A., to December 20, 1889; since then Capt. 
V. Yonng, Corps of Engineers, U. S. A. Headquarters, Memphis, Tenn.) 

(a) Lake Providence Reach. — The work during the past year has been 
confined to bank protection in Louisiana Bend. The approved project 
contemplated the protection of about 4 miles of bank by a subaqueous 
mattress 260 to 300 feet wide, and an upper bank covering of riprap. 
The work at this place is an exceedingly difficult one in consequence 
)f the depth of water and swiftness of the current. An attempt at 
linking the upper end of a mattress while weaving was continued at 
its lower end, resulting in its partial loss. On account, it is supposed, 
3f the softness of the bank, several slips took place which necessitated 
the use of supplementary mattresses. These accidents, and the use of 
stone for the upper bank revetment, made the work done very expen- 
sive, — much more so than it should have been without these accidents, 
and hence not giving a just idea of the cost under ordinary circum- 
stances. 

The least depths in the year on the crossings of the reach afifected by 
the works, were at Duncansby, 17 feet, Yista, 8.5 feet, and Stack Island, 
11 feet. At Ben Lomond the depth went down to 8.5 feet, and to 7 feet 
at Ajax Bar, both crossings being below the works of improvement. 

(5) Vicksburg Harbor and Delta Point — ^The work here has two objects: 
First to hold Delta Point by revetment work and thus prevent its further 
recession, which would allow the Mississippi to abandon the present 
Yicksbarg front entirely instead of partly, as is now tbe case; second, 
to form a dredged canal leading to a dredged basin whose bottom is to 
be 5 feet below low water at the upper part of tbe city of Vicksburg. 

The Delta Point Bevetment, covering 10,700 feet of bank, has so far 
been entirely successful, and has required no repairs during the past 
year. New work will probably be required to check caving above. 

Dredging in Vicksburg Harbor has been continued this year, princi- 
paUy in the canal connecting the basin with the river below. As tbe 
work can be carried on only when tbe river is above mid stage, very 
litUe was done after tbe date of the last report, until February of the 
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present year. No appreciable fill had takeu place in the basin in 1889, 
and that in the canal has been confined to a limited area. The dredging 
of this season, which is done partly by contract and partly by Govern- 
ment plant and hired labor, will probably reach a plane 8 feet above low 
water. The estimate of the local ofiScer for the fiscal year 1892 is 
$176,000. 

(c) Greenville Harbor. — ^In previous years ten spnr-dikes have been 
built in front of the city, in part by the city itself, and with some repairs 
have held the front of the town satisfactorily from further caving. But 
caving has been going on above the dikes for a long distance, threat- 
ening ultimately both them and the city. A little work had been done 
above the city, but the partly completed revetment was much damaged 
by the high water of 1889. Instead of repairing and extending this 
mattress, it was decided to protect the bank by means of two crib-dikes 
at and below the site of the old mattress, and, by a pile-dike in the form 
of an obtuse salient, covering a caving-pocket just above the old system 
of spurs. Between these later constructions there remains a space of 
about 1,500 feet, and above the upper crib-dike about 5,000 feet, of ex- 
posed bank, all of which will need protection. The estimate of the local 
ofScer for the fiscal year 1892 is $350,000. 

{d) Lake Bolivar Front, — A special allotment for this work was made 
by the river and harbor act of August 11, 1888. The object of the im- 
provement is to stop the caving of the bank in front of the large and 
costly levee across the end of Lake Bolivar, which was threatened by 
the rapid encroachment of the river. During the latter part of 1888 
and the beginning of 1889 a part of the bank immediately in front of 
this large levee was revetted. This work, so far as carried out, was 
perfectly successful in stopping caving; below the work the bank is 
caving rapidly. 

The work done during the year consisted simply in repairing some of 
the revetment. The estimate of the local officer for the fiscal year 1S^2, 
is $100,000. 

LEVEES, THIRD DISTRICT. 

A. — ConBtruction. — 'So work of construction has been done daring the 
year except on the Tensas Front, a small enlargement below Lake- 
port in September, 1889, and raising sunken places in Whiskey Chute 
and Grand Lake levees in January, 1890, in anticipation of the flood. 

B. — Protection during high water. — By the end of January it was ev- 
ident that a considerable flood was to be expected, and an inspection 
of the whole line was made, with such repairs and strengthening as 
seemed urgent. The State and other levee organizations took up the 
work vigorously, and continued it until their means were exhausted; 
after the end of March the United States Government alone had funds 
for protection of levees in Louisiana in this district. The work in 
Arkansas, as heretofore, was under direct Government supervision. 
Mississippi asked for no aid, except in holding the ends of levees at 
crevasses. 

The first break in the Tensas Front levees occurred March 9, 9 
miles above Arkansas City, and the first on the Mississippi side at Of- 
futs, March 18. Breaks occurred at seventeen places in this district, 
with an aggregate length of 3f miles. 

Except in some minor cases it was found useless to attempt the 
closure of the openings, and efibrts were confined to holding, by one 
or other device, the broken ends of the leve^, and so checking the en- 
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largement of the breaks. Several plans were tried, with varying re- 
sults; the most snocessfol being the employment of spur-dikes made 
of piling, brush, and sacks of earth, to break and deHect the carrent, 
and mattresses to cover the broken ends of the levees aud prevent 
further erosion. 

The overflow limits on the right bank in this distnot included 3,050 
square miles, of which all but 550 was under water. On the left bank 
the whole area within the overflow limit was near 2,000 square miles, 
of which 1,900 was under water. The United States boats, iu addition 
to their other work, were employed in the relief of people in the flooded 
region. 

Miscellaneous. — Discharge observations were made at Arkansas Oity 
and Wilson's Point, on the main river, and at the priucipal crevasses. 
The results indicate a maximum flow past the latitude of Arkansas 
Oity of about 1,700,000 cubic feet per second, of which 1,300,000 could 
be confined by the levees at their present grade. 

Surveys were made of the Lake Providence Beach and of the Green- 
ville Bends. These surveys indicate no immediate danger from cut offs 
except at Ashbrook Point, where the distance across the neck is now 
2,400 feet, and is decreasing at the rate of 300 feet yearly. A cut-oflf 
here would shorten the river 8 miles or more. 

For details of work in the third district see report of Captain Young, 
Appendix H. 

Fourth district. 

(WarrentoQ, Miat., to Head of PaaaeB, 484 miles. Officer In charge, Capt. D. 0. 
Kingman, Corps of Engineers, U. S. Army. Headquarters, New Orleans, La.) 

(a) Improvement at Natchez and Vidalia. — The danger apprehended 
here is the formation of a cut-off across the point above the town. As 
ita prevention would require the protection of a large amount of caving 
bank, its cost would be great; it has been estimated at $750,000. 

No work has been done during the year iu protecting caving banks 
or upon the proposed spur levee on Oowpen Point. Fears have been 
recently expressed by the citizens, and a survey will be made when the 
river shall have reached a suitable stage. 

{b) Rectification of Bed and Atchafalaya rivers. — ^The project here is 
to limit the flow down the Atchafalaya by means of dams submerged 
sufficiently to permit navigation over them, and, at stages below 10 feet, 
to make the Red River flow north of TurnbulPs Island directly into the 
Mississippi by building alow dam on the west side of TurubuU's Island 
and a dike from its lower end to the Mississippi. Then at low stages 
the Atchafalaya will be an outlet of the Mississippi and will receive 
water fi*om it alone. Until these works are completed attempts must 
be made to keep the mouth of the Red River open during low water by 
dredging. 

Of the six submerged dams projected for the Atchafalaya, No. 1 had 
been finished and the sill of Ko. 3 partly laid by July 1, 1889. Since 
then No. 3 has been completed. Some changes will have to be made 
in tihese dams to equalize the high-water capacity of the water-ways 
over them ; at present the high- water area over dam No. 1 is about one- 
fourth greater than that over dam No. 3, involving a concentration of 
fall at the latter place and a velocity unfavorable to navigation. These 
dams have remained intact through the flood. 

The sill for the dam designed to deflect the low-water flow of Red 
River into the channel north of Turnbull's Island has been laid. 

Dredging was carried on in Lower Old River during low water, with 
:^G 90 194 
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the resalt of keeping the channel open thronghoat the season, although 
' lor a few days it was practicable only for small and light-draught 
boats. 

The estimate for the fiscal year 1892 is $350,000. 

(c) New Orleaiis Harbor. — The object of the work at New Orleans is 
to hold the river in its present position by protecting caving banks. As 
the depths are exceedingly great — in places as mach as 150 feet — and 
in many places the banks very steep, the method of protection mostly 
used is that of spar-dikes about 1,000 feet apart, which, starting from 
near low water, project into the river, sloping downward in the direc- 
tion of their length at the rate of about one foot vertical to three hori- 
zontal (or having a top slope of 1 : 3) till the slope reaches the river- 
bed. The project includes work in the bends at OarroUton and at the 
lower part of the city (third district), on the left bank, and at Greenville 
and Gouldsboro on the right. Prior to July 1, 1889, mattress revet- 
ment had been begun at Garrollton, but work had been stopped ; a sys- 
tem of six spurs had been completed in Gouldsboro Bend, and one large 
spur partly finished in Greenville Bend. 

During the past year the first spur at Greenville has been finished 
and a second built, and four spur-dikes have been built in the third 
district, completing the improvement for that point No further caving 
has taken place, and so far as can be ascertained at the present stage 
of water the works have perfectly withstood the flood. In the third 
district, where the caving had encroached upon the street, the dikes 
were carried up over the battureand connected with the levee by paved 
embankments. Here the falling wat/cr shows a deposit of silt on the, 
batture from! to 3 feet in thickness. 

Six spurs reoCiain to be built in the CarroUton Bend, where consider- 
able scour is said to have taken place during the past flood, and where 
there may be heavy caving as the river falls. Materials in part are 
on hand, and work will be begun as soon as a proper stage of water is 
reached. 

The estimate for the fiscal year 1892 is $200,000. 

SurveySj excbtninationSj and inspections. — Surveys have been made in 
the caving bends at Lakes St. Joseph, Bruin, and St. John to deter- 
mine how far the levees crossing the ends of these lakes are endangered 
by the progressive caving. At the present rate of caving it appears 
that the Lake St. Joseph levees are safe for several years to come, un- 
less the more rapid caving above should work down-stream. At 
Lake Bruin the rate of bank recession is such that the levee will be 
reached in about three years. At Lake St John the caving is slow 
and the levee is not immediately threatened. 

At Morganza crevasse there has been little or no change in the river 
cross-section since 1887, the water of the next two seasons not having 
been high enough to make the levee any factor in the river regimen. 

Gauge records have been kept at several points and the results re- 
ported to the Secretary. Circulars asking for information about high- 
water marks during the flood of this year were distributed with the 
request that the answers be sent to the Secretary. So far as learned 
the flood, from !N^ew Texas Lauding down to Hermitage, was from 1.2 
to 1.9 feet above that of 1882. 

A full set of high- water discharge measurements was obtained at Gar- 
rollton and one less complete at Red River Landing, and detached 
observations were made at Warreiitoii, ^Natchez, aud B;xton Bonge, as 
well as at Simmsport, on the Atchafalaya. Captain Kingman submits 
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the foUowiug estimates of maximnm flow across the latitude of Bed 
Biver Landing : 

Cubic feet 
per fieoond. 

MiBsiaeippi River, May 7 1,487,362 

Atchafalaya River (between levees) 474,225 

Atchafalaya River (orevaase escape) 70,000 

MaYJmnm paaaing latitude of Red River Landing 2, 031 , 587 

LEYEES. 

A. — OonstrucfHan — TensM Front — Since the last annaal report the 
Hard Times-Wilson levee has been finished. This levee contains over 
700,000 cubic yards of earth, and with protection levees and drainage 
ditches its construction involved moving nearly 800,000 cubic yards. 
The levee proper is a little over 10 miles in length, and with the pro- 
tection levees about 11^ miles. It is the largest single levee built by 
the United States, and runs through a very difficult tract of country, 
swampy and covered with heavy timbers, and intersected by lakes and 
sloughs. It has not been damaged by the flood, though caving just 
above its upper end threatened in January to take it in flank. 

B. — Protection during high water, — In November and December, 1889, 
a survey was made to ascertain the condition of the levees on the Ten- 
sas Front. The Hard Times Levee, at Lake St. Joseph Crossing, where 
it was low, was raised, and work on low places in Kempe Levee was car- 
ried on until interrupted by high water. 

After the first allotment of $25,000 tor protection of levees, March 12, 
a steamer and barge, with tools and materials, was sent to the Tensas 
Front and rendered valuable aid in protecting levees. Three breaks 
occurred in this part of the district, April 22 and 23, all in the vicinity 
of Natchez. 

Below Bed Biver the first important break was the Nita crevasse, on 
March 14, which gradually enlarged until its measured discharge wa-s 
400,000 cubic feet per second. In Pointe Goup^ parish, from Smith- 
land to Point Manoir, a distance of 40 miles, the levees were too low, 
and there is scarcely a mile in that distance upon which work was not 
necessary. To keep the water from their rear work was also needed on 
levees through to the Atchafalaya and down its left bank. The Mor- 
ganza Levee, 8,000 feet long, was raised from 1 to 2 feet, and Grand 
Levee was raised about 1 foot. In spite of all efforts there were nu- 
merous breaks between April 20 and 23 in the district below Bed 
Biver, the Morganza Levee being one of those broken. 

As a rule the eftbrts of the Commission were directed to the preven- 
tion of breaks, and to checking the enlargement of those that occurred. 
To have attempted to close the crevasses at once would have required 
unlimited ihinds. 

Detailed information in reference to the breaks in the levees during 
the flood will be found in Captain Kingman's report. Appendix I. 

FINANCIAL STATEUBNTS. 

Appropriation ibr salaries and expenses Mississippi River Commission : 

Balance on hand June 1, 1889 $14,197.29 

Received from transfers 394.80 

Total 14.592.09 

Expended from June 1,1889. to June 30,1890 14,475.59 

Balance on hand July 1,1890 116.00 
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Appropriation for deficiencies Mississippi River Commission : 

Balance on hand June 1, lUd9 $4»214.39 

Returned to Treasury 4/214. :» 

Appropriation for anrveys of Mississippi River: 

Balance on hand Jnne 1, 1889 51,965.16 

Expended from Jnne 1, 1889, to June 30, 1890 48,085.00 

Balance on hand July 1,1890 3,880.16 

Appropriation for improving Mississippi River: 

Balance on hand June 1,1889 1.876,031.16 

Less expenses office Chief of Engineers 4,289.00 

Balance, net '... 1,871,742.16 

Refunded on sundry aoconnts 4.39 

Total i 1,871,746.55 

Expended from June 1, 1889, to June 30, 1890 1,496,128.21 

Balance on hand July 1,1890 375,618.34 

K9TIMATB OF FUKD8 FOB THB >fI8SI88IPPI RIVKB COMMISSION FOB THE FISCAL 
YEAR ENDING JUNE 30, 1892. 

For the Mississippi River Commission : For salaries, inspections, and travel- 
ing expenses of the Mississippi River Commission; for printing and 

telegraphing ; for office expeu ses and miscellaneous |35, 000 

For surveys and examinations of the Mississippi River from the head of 

the passes to its headwaters— continuing survey 150,000 

For improving tlie Mississippi River from the head of the passes to the 

month of the Ohio River 4,000,000 

For work at — 

Hickman, Ky 111,250 

Greenville, Miss 350,000 

Vickshurg, Miss 175,000 

Natchez, Miss 250,000 

NewOrleanM, La 200,000 

Red and AtchafaUya rivers 350,000 

C. B. OOMSTOOK, 

Colonel of Engineern a/nd Bvt. Brig. Gen.^ 
, President Miss. Biver Commission. 

Ohas. B. Suteb, 
Lieut CoU of Engineers^ U. 8. A. 

B. M. HARBOt). 

B. S. Taylor. 
O. H. Ernst, 
Major of BngineerSy Vol. U. 8. A. 
Henry Flad. 
Henry L. Whiting, 
Assist4int U. 8. C. and O. 8urvey. 
The Secretary op War, 

Throagh the Chief of Engineers, IT. S. A. 
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UEMORANDUM OK THX QUESTION WHBTHBR BUILDING LBTBK8 ALONG A RIYBR CAU8R8 

ITS BBD TO RISE. 

The statement is often made that leveed rivers raise their beds higher and higher 
as levees are raised, and hence that levees will give no permanent relief aguinst 
overflow. These statements are usually made from theoretical opinions, and with- 
out a thorough knowledge ef the theoretical side of the subject, and probably with- 
out any knowledge of the facts of experience, which alone can lead to conclusions 
entirely safe. 

The river Po has long been leveed, and it is often stated that its bed has risen 
largely in consequence of levees. The following data will show how unfounded is 
the statement that the bed has risen by amounts that are of much importance : 

At the revival of civilization the levees on the Po were complete and continuous 
from Cremona to the mouth of the Oglio, 94 kilometers, or 58.4 miles. About A. D. 
1300 they were carried farther down the river, and in the succeeding centuries to near 
its mouth. In the present century levees have been systematized as to height. Four 
hundred kilometers, or 248i miles, were below the flood of 1872 ; at the end of 1877 it 
was expected to reduce this to about 30 kilometers, or 18-miles. (Cenni monogralici 
BulV idranlica fluviale in Italia. Koma, 1878.) 

Zendrini, in 1720, observed an extreme low water at Ponte Lagoscuro, only 0.36 foot 
leas than that of 1817 ; and at the dam of Governolo, near the mouth of the Mincio, 
the rivtr was 1.3 feet lower than a stage of water of 1609, declared by Bardazzoli to 
be marvelous. (Lombardini Notizii.) 

The Cenni Monografici gives the following : 

P<mte Lagoseuro, 



Period. 


Mean lowest water. 


Meanhigtaest water. 


Maximnm high 
water. 


Mininmm low 
water. 


lRn7-1825 


8».28 = 10.4 feet.... 
S».28= 10.3 feet.... 
8«.1» = 10.1 feet.... 


7".42= 24.3 feet.... 
7» 38 = 24.2 feet.... 
7«.39= 24.2 feet.... 


8«.62r 28.3 feet.... 
8"».9e = 29.4 feet.... 
•-.32 = 30.6 feet.... 


0'" 38 - 1 3 feet. 


182e*1850 


0'".72-2.3 feet. 


MBl-1875 


0».62=-2.0 feet. 
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The above gaage-readings, which have only been kept since 1807, show that there 
has been no important rise of the bed of the river (since that conld not rise without 
raising the iow- water surface) at Ponte Lagoscnro in the sixty-eight years covered, 
and, in connection with Zendrini's observations, show that there has been no prob- 
able rise of any importance since 1720, althongh the raising of levees has been going 
on during this period. 

Lorobardini (Dei cangiamenti delPo, ISCiQ, p. 17) examines this question for points 
above Ponte Lagoscnro, which itself is ^ kilometers (57 miles) above the month. 
He concludes that at Osti^lia, which is 188 kilometers (114 miles) above the mouth, 
the bed appears to have risen a few decimeters (decimeter = 3.9 inches) in a century, 
while at Govemolo, 15 kilometers, (9^ miles) above, it appears to have been station* 
ary for four centuries. In II grande tstuario Adriatico, 1868, App. D, he gives the 
following table of mean heights of extreme low waters above the lowest water 
known, which was in May, 1817 : 



Period. 


OttigUa. 


Sermide. 


Quatrelle. 


Ponte Lft. 
goocmo. 


1817-1850 


0".56 
a-.44 


0".64 
0-.77 


0-.47 
0-.84 


0-.49 


1861-1M7 


0-.66 







Comparing the means from 1817 to 1850 with those from 1851 to 1867, it will be 
seen that a small rise in low- water heights is indicated, but the observations at sev- 
eral stations in the first period were few, and hence the results are uncertain. 

The flood heights have, however, steadily risen. The following greatest floods are 
recorded : 

1705— 1756 (in the year 1755) l«n.82= 6.0 feet 

1754— 1796 (in the year 1777) 2°». 15= 7.1 feet 

1797— 1836 (in the year 1833) 2»°.<«= 8.8 feet 

1837— 1877 (in the year 1872) 3" .22= 10.6 feet 

From this statement it appears that the highest floods have iucrcased in height 
since 1705 by 1.4 meters e<^ual to 4.6 feet. The rise in flood heights on the Po has 
not been confined to the single point Ponte Lagoscnro, but has extended far above. 

Gallizia TGiornale del genio civile, February, 1878) examines this question and 
gives the following result (the miles given are reckoned from the mouth of the river J : 

''At Booca (394 Kilometers equal to 245 miles), within the century, there is a pro- 
gresjiive rise of 1.53 meters (5 feet), from 1801 to 1857. At Corossa (337 kilometers 
equal to 209 miles) the flood of 1801 read 6.35 meters, and their heights rose gradually 
to 7.95 meters in 1872, or to 7.45 meters, if allowance Is made for a change of bed at 
this place. At Casal-Maggione (233 kilometers equal to 145 miles), from 5.60 meters in 
1801, the floods rose gradually to 6.07 meters, in 1868, a rise of 0.47 meters (li feet). 
At Ostiglia (149 kilometers equal 73 miles), from 6.80 meters in 1801, and 7.50 meters 
in 1812, to 8.56 meters, although the river was not entirely confined. At Ponte La- 
goscnro (92 kilometers equal 57 miles), from 2.19 meters sapra guardia in 1801, to 3.32 
meters In 1872 — the river not being entirely confined in this last year— a rise of 1.13 
meters (3.7 feet) ; so that on the average there has certainly been a rise of more than 
a meter (3.28 feet) in the last seventy-five years along the whole course of the leveed 
river, excluding the Parma, Cremona front, where the levees are far apart, and the 
rise is about one-half as much. 

''Cenni monografici sull' idraulioa, page 59, attributes the increased heights of the 
great flood of 1839 to "the more perfect leveeing of the Po and its tributaries, pre- 
venting the lateral escape of the waters, and sending in a canal to the sea that which 
previously flowed over the country. 

" Lombardini (II grande estuario Adriatico, p. 96) says the increased floods ' arise in 
part from levees, which hinder their spreading out, and also from the deforesting of 
mountain slopes. *' 

Gallizia {loc, oit.) attributes increase of floods to deforesting, to the interest each 
one has to get rid of injurious water without consideration ior those below him, to 
the leveeing of upper parts of rivers and their tributaries, and to the extension of 
the river month into the sea. 

To snm up in reference to the Po, it may be said that during the present century 
the levees on the Po have been systematized and raised to follow an increase in flood 
height that in seventy-five years amounted to about 3 feet along the leveed portion of 
the river; and that there is some evidence of a small rise in the extreme low-water 
surface of the river, which may be caused by a rise of the bed. It should be noticed, 
however, that the rise in the bed (if it really exists) amounts to only two-hundredths 
of a foot a year, and that the annual cost of raising levees, to keep up with it, would 
be but a small part of the annual cost of a complete system of levees. 
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Ab to the rise in the flood level as the waters are more and more thoroughly con- 
fined, it may he said that this was a necessary result of confineuient, that the same 
thing ooenrs on the Mississippi, and that it will cease when the levees have heen 
hnilt high enough to contain the greatest floods. On the Po thns far during the last 
seventy -five years the effect of the confinement of waters in raising the flood level 
has far exceeded any tendency that confinement may have hi*d to reduce flood heights 
hy scouring thehed. 

The Rhine is also a liver which, helow Dfisseldorf, has long heen leveed, and if 
levees raise the hed of a river here they should have produced their fall effect, as 
th^ are rarely hroken. 

The following tahle from Fijnje (Beschouwtnfi^en over eenige rivieren erste gedeclte, 
hijiage A, page 185) gives (in meters) the height of the lowest water which occurred 
in each ten years firom 1772 to 1880, aboTe the Amsterdam zero, for Cologne and 
Enunerioh : 



Period. 


Cologne. 


fimmerich. 


Period. 


Cologne. 


Emmerich. 


1T72-1780 


36. F2 
86. li 
36.36 
36.56 
36.30 
86.30 


11.29 ' 
11.26 
11.24 
11.11 ' 
11.03 
10.04 j 


1831-1840 


36.30 
36.35 
36.06 
36.03 
36.28 


10.88 


1781-1790 


18U-1850 


10.81 


1791-181)0 


1851-1860 


10.16 


1801-1810 


1861-1870 


9.02 


18IU1820 


1871-1880 


10.21 


1831-1830 











It will be seen that the low-water surface appears to have fallen in the last hun- 
dred years at Emmerich, and possibly at Cologne. 

Hagen ( Waseerstande in den Prenseischen Stromen, page 12) carefully examines the 
ffange-readings at Cologne from 1846 to 1879 and at Dfisseldorf from 1800 to 1879 to 
detect changes in high and low water heights. Treating the gauge-readings by the 
method of least squares be fonnd the most probable annual change in the water 
heights. At Dfisseldorf he fonnd that with great probability there was an annual 
■inking of the maximum high water in each year amounting to 0.3 inches; that the 
mean stage did not change, and that the annual lowest waters showed with some 
probability an annnal rise of one-twelfth of an inch. 

For Cologne he fonnd that with great probability the high waters had sunk and 
the lowest waters had risen by about the same amounts as at Diisseldorf. A rise of 
one-twelfth of an inch in a year or 8 inches in a hundred years is so small as not to 
be an important matter in a system of levees, and if the hundred years of the table 
above are taken the rise disappears. 

It has often been asserted that the bed of the Hwang-ho; or Yellow River of China, 
has risen above the surrounding country, where it is leveed. The error, originally 
dne to Abb6 Hue, has been repeated by English writers on China. The following 
extract from a letter to me by Gen. J. H. Wilson (a very competent authority) gives 
reliable information on the subject: 

Wilmington, Del., May 6, 1890. 

• • • • • • • ' 

In reply I hasten to sav that I orossed the Yellow River on the 7th of January, 
1866, near the city of Kai-fhuff-fn, in the province of Honan, and visited the site of 
the overflow of 1853, about 30 miles below Kai-fun^-fu. I also traversed its em- 
bankments, or levees, on both banks of the river, visiting them and measnring them 
at various points between Kai-fnng-fn and Chinan-fn, in the province of Shantung, 
taking observations, notes, and measurements, and having especially in view the 
repair and maintenance of the embankments, their present condition, and the effects 
produced by them. I had no instruments, however, except a hand-level, sextant, 
and tape-line, and could therefore make no accurate levels across embankments, 
bed of the stream, fore-shores, and adjacent plains ; but the conclusion I came 
to in regard to the influence of the levees upon the bed of the river was that they 
had nowhere filled it to a higher level than the adjacent country. I had heard of 
Father Hue's narrative on that point, and I visited the place at which the river had 
left its old channel in 1853, leading to the sea south of the peninsula of Shantung, 
and made itself an absolutely new one to the Gulf of Pechili. north of that peninsula. 
Between this place — known on the maps of Asia (Keith Johnson's is the best) as 
Lnog-mnn-ko — ^and Kal-fnng-fu the embankment was very large, but it was near 
the latter place that the great breach occurred two years ago. This was closed after 
incredible efforts and great expense, and the river forced to resume its old channel 
to the Gulf of Peohilt, where it i« now emptying itself, according to my advices of a 
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few months affo, and where it will most probably continne to empty itself till it can 
find a shorter line and steeper declivity to tide level. 

By referring to my little book on China (Appleton & Co.) yoa will get other 
details. 

In conclasion, I do not hesitate to say that I can not bnt believe that Abb^ Hue 
was entirely mistaken in regard to the silting np of the channel, and that an ez- 
hanstive survey would prove beyond a doubt that no such silting as to raise any part 
of the bed above the adjacent country has ever taken place. 
Yours, very truly, 

James H. Wilson. 

The ouestion of the rise of bed of the Mississippi will now be considered. Unfortu- 
nately it has not been studied as thoroughly as the Rhine and Fo, and its gauge 
records go back but a few decades. 

Levee building has gone on most rapidly since 1880, and as the river was very low 
in December and January, l&S7-'88, and again in October and November, 1889, if 
there has been any important rise in the river-bed resulting therefrom, ifc should 
show itself in a corresponding rise in the extreme low- water surface. Several places 
will be considered, selecting those where our gauge records cover* as many years as 
possible. 

(1) Cairo. — The lowest water record extends back to 1869, with breaks, but is con- 
tinuous since 1871. January 1, 1888, the gauge read 1.8 feet, and October 22, 1889, it 
read 2.7 feet. From November 10, 1859, to these dates the record gives but three 
dates when the water was as low as in 1888 and 1869. These dates were : 

December 26, 1871 (Cairo gauge) ,... 1. 6 

December 6| 1872 (Cairo gauge) 1.0 

January 1, 1877 (Cairo gauge) 1.0 

These gauge-readings are lower than those of 1888 and 1889, but the period since 
1880 is entirely too short to conclude that in it there was a year in which the dis- 
charge reached its lowest value, thus giving extreme low water. The greater low- 
water heights in 1888 and 1889 may be simply due to there being more water flowing 
in the river at those times than in 1871. If in seventeen years following 1888 there 
are no gauge readings aa low as those of 1871, 1872, and 1877, it will in some degree 
indicate, but not prove, that the bed has risen. At present the data do not extend 
over a period long enough to draw any reliable conclusions. 

(2) Afemp^M.— This gauge read: 

1*66 1. 

November 20, 1887 1.20 

January 4. 1888 0.80 

October 26, 1889 1.90 

The records of low water before these dates extend back to 1848, and are continuous 
back to 1871. The records back to 1848 give but three dates when the water was lower 
than on January 4, 1888, namely 0.80 foot. These dates are : 

Feet. 

December 29, 1871 —0.92 

December 25, 1872 —0.95 

January 2, 1877 -1-0.75 

Here again the extremely low waters of 1871 and 1872 show themselves, and they 
are lower than any since 1880. But as was said with reference to Cairo, the period 
since 1880 is entirely too short to enable us to assume that in it there has been a year 
of minimum flow, or what amounts to the same thing, that there will not, in a few 
years, occur a stage as low as that of 1871. 

(3) Helena.— The low- water record is continuous, excepting 1878 and 1879, back to 
1871. The gauge read : December 29, 1871, 1.15 feet. 

The record afterwards gives no waters as low as these till 1887. The gauge read : 

Feet. 

November 20, 1887 1.20 

January 4, 1888 0.80 

Comparison of the two periods gives a difference too small to establish a rise of 
low-water level. 

(4) LaJee Providence,— The low-water record extends back to 1872, and the lowest 
waters are : 

Feet. 

December 29, 1872 .^ —3.85 

October 16, 1879 +0.55 

Since 1880 the two lowest waters are : 

Feet 

November 22, 1887 1.52 

October 31, 1889 2.80 
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Th«re seems to have been a great depression of low water in this part of the river 
aboat 18?2. The Terrapin Neck Cut-ofl'^ shorteniu^ the river about 16 miles, oc- 
ccmred in 1866, and may have been a partial cause. The gau^e-readings given indi« 
cate a rise in the water surface, and probably of the bed, at Lake Providence since 
1872. 

(5) Vieksburg. — Excepting 1878 and 1879, the low- water record is continuons back 
to 187:2. The gange read : December 30, 1872, —1.30 feet. 

From this date to 1886, the lowest record is : January 6, 1877, 2.25 feet. 

Since 1880 we have : 

Foet. 

November 16, 1886 0.00 

November 24, 1887 —3.91 

January 7, li&S — 1.*2 

October 29, 1889 —0.80 

Here the gauge records indicate a fall in the low-water surface, and perhaps a fall 
in the bed. The question is complicated by the Terrapin Neck Cut-off of 1866 and 
the Vieksburg Cut-off of 1876. 

From 1872 to 1881 the low- water fall in the surface of the river between Lake 
Providence and Vieksburg varied between 21 feet and 22.9 feet ; in 1883 it was 24.9 ; 
in 1886, 26.2: in 1887, 29.0; in 1888, 26.7, and in 1889, 27.2 feet. The change of fall 
from 22.6 feet in 1877 to 29.0 feet in 1887, amounting to 6.4 feet, is very great. About 
two- thirds appear to be due to a sinking of the low -water plane at Vieksburg, and 
the rest to a rise in the low-water plane at Lake Providence. The low-water slope 
irom Lake Providence to Vieksburg was in 1884 still much greater than Just above 
or below. Its great value was probably due to the two cnt-offs. In 1^4 the dis- 
tance from Lake Providence to Vieksburg was 57 miles ; the sum of the two cut-offs 
was 18 miles* If we suppose that before these two cut-offs the river was two- thirds 
of this 18 miles longer than now, or the distance from Lake Providence to Vieks- 
burg to have been 69 miles, the slope would have been but fifty-seven-sizty-ninths 
of its present value. The result of the cut-offs would be to increase the velocity of 
the river ab<vve and near them. This increase of velocity would tend to scour the 
bed and banks, perhaps making a deposit in the river below the cut-offs and tempo- 
rarily raising the bed there ; and it may be that it is now returning to its normal 
low-water position by removing the deposits below. 

(fi) Bed River Landing, — The low-water record is continuous back to 1872, which 
was the year of the lowest known low water, the gauge reading 0.0 In 1879 it fell 
as low as 0.55, and in 1887 to 0.47. The difference in lo w- water neights of 1872 and 
1887 is too small to be evidence of a rise in the bed of the river. 

Thns far only low waters of the Mississippi have been considered. The high-water 
records cover longer periods, but as an increased high water may result from confin- 
ing the floods between levees as well as from a rise of the bed of the river, it can not 
be concluded from a rise of flood-heights in the river that the bed has also risen. At 
Cairo the gange read : 

Feet. 

Jane 21, 1858 49.6 

May 2, 1862 50.8 

March 21, 1867 51.0 

The river did not again reach these heights till February 26, 1882, 51.87 ; February 
27, 1883, 58.17. 

This increase in the later heights is not supposed to indicate any rise of bed, but 
can be accounted for solely by a greater flood discharge. 

At Memphis the record ffoes back to 18*28. In 1862 the river reached a flood height 
of !i4.45, the record then showing no greater one. In 1882 the greatest height was 
35.15: in 1887, 35.30, and in 1890, 35.60. This rise of 1.1 feet since 18()2vmay be ac- 
counted for by a greater discharge by the construction of levees below Memphis and 
perhaps by the influence of railroads across the St. Francis bottom, without the sup- 
position or a rise of bed. 

At Vieksburg the record goes back to 182-^. The highest known water was 51.1 
feet in 1862. The next highest was 49.1, March 15, 1890. Here there is no indication 
of a rise of bed. 

At Natchez the record goes back to 1802. The hifijliest water was 49.9 in 1862. In 
1890 the highest water was 48.6 on March 22. In 1815 the highest water was 48.5. 
There is no indication of a rise of bed. 

From the examination of the Po and Rhine it may be cooclnded that if their beds 
rise in the leveed portions (which is not entirely certain from the data), it is at so 
slow a rate as not to be aa important factor in the maintenance of a levee system. 
With levees 10 feet high, if the bed rose at the rate of 1 foot in a hundred years, the 
cost of raising a line of levees having the length of the present Mississippi system — 
aboat IfliOO miles— by this one foot would be but about ^,000,000, distributed over 
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the couDtry, or $40,000 per anniiiu, which is a small part of the aannal cost of the 
system. On the Mississippi the records, while not extending over a period long 
enongH to give linal results, do not, so far as they go, indicate that the bed has risen. 

The opinion so often held that IcTees cause a rivei^bed to rise is probably dae to 
the fact that the bed of a river does sometimes rise althoagh leveed, and henoe it is 
concluded that the levees cause the rise. Any sedimentary stream, having a definite 
succession of stajres and dischar^s and flowing in its own alluvion, finally takes 
such a slope as will give a velocity sufficient to enable it to carry its sediment, 
whether derived from above or from its own banks and bed, farther down- stream, 
without, on the whole, scouring or fillinsr its bed. An average velocity less than this 
will give rise to deposits in its oed, or if it is crooked it wul become straight, thus 
in either case increasing its slope and velocity towards their normal values. An 
average velocity greater than this will scour its bed, or cause caving in its concave 
bends, thus increasing its length and diminishing its slope and velocity to such 
values as its bed can bear without on the whole scouring or filling. When there- 
fore the slope of a sedimentary stream suddenly diminishes from that which it needs 
for a stable regimen its velocity also diminishes; it drops part of its alluvion, and its 
bed rises. Thus, when the Miepissippi enters the Gulf of Mexico, its slope suddenly 
diminishes ; its velocity diminishes, and it builds up bars out in deep water. So the 
Adige, where it reaches the low plains of the Po, needs for permanence a steeper slope 
than the country has, and raises its bed above it. In all these cases the bed would 
rise without levees. 

There is one more cause for the rise of bed of a sedimentary river, which, however, 
nets at a very slow rate. The Mississippi pushes its mouths out into the Gulf at the 
rate of about 4 miles in a century, and this increase in length reqnires a corre- 
sponding increase in fall of water surface to make the waters flow out. An increase 
of 4 miles in length would, with existing slopes, raise the high- water surface at New 
Orleans about seven-tenths of a foot. The cost of raising levees to correspond wit<h 
this rise in the water surface would, as has already been seen, be a small part of the 
annual cost of the system. 

C. B. COMSTOCK, 

Colonel of Engineers, Bvt, Brig. Gen,, U. tf. A,, 

Preeideni Miss. Biver Commission. 
New Tork, May 10, 1890. 



Levees on ike Hwang-Ho. —The following information, taken from the North China 
Herald, has been transmitted by the Hon. Charles Den by, United States minister at 
Peking, to the Secretary of State, and by him to the Mississippi River Commission. 

In reference to Mr. Morrison's statement that the bed of the Hwang-Ho is in places 
higher than the surrounding country, it does not appear that he made measurements 
except at the break in the levee. There he states that the river was almost at its 
lowest and that the old river was practically dry. But as the old river below the 
break may have shoaled up since the break, it does not by any means follow that 
prior to the break the river was above the surrounding country. The fact that he 
found below the break on the main river the extraordinary slope of 1 foot per mile 
also points to a local shoaling immediately below the break, which may have occurred 
since the break. 

C. B. C. 

Nkw York, May 16, 1890. 



THE YELLOW BIVER. 

A meeting of members of the Shanghai Literary and Debating Society was held 
yesterday evening at the Philharmonic Hall for the purpose of hearing Mr. G. J. 
Morrison, M. Inst. C. E., read a paper giving an account of a visit to the breach in 
the embankment of the Yellow River near Cnengchow, in September, 1888. 

During the suinnier of 1888 the foreign residents in China were much interested in 
the accounts received from time to time of the effects of the great breach which bad 
occnrred during the previous autumn in the bank of the Yellow River and in the 
works undertaken to close it. These accounts, however, were of a most conflicting 
character, both as regards the amount of damage done by the flood-water and the 
progress of the repairs. At one time it was confidently stated that the works had 
almost reached a successful termination, at another time that work to the value of 
some tls. 10,000,000 had been entirely washed away, and at another time that very 
little real work had ever been executed, and that the stories of disasters were invented 
with a view to conceal the malversations of officials of various ranks. 

Along with these reports there appeared from time to time proposals for closing the 
breach, for keeping the breach open, and conserving the river in its new bed, and for 
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coDst^rvin^ the river geuerally. Wliatever merit ther« was in any of these schemes 
va» conuterbalanced by the fact that few of them were founded on personal observa- 
tion by oonipetent persons, and while some of thorn undoubtedly contained valnablo 
ftnf.|re8tions, they were of s»oh a crude nature that the officials at the breach conld 
easily show that if adopted in the proposed form they would certainly result in failure, 
and the Chinese Grovernment adopted none of them. 

Interyiews with U. £. Li Hnng-Cbang, however, and with other high offloitfls, made 
it qnite elear that an appalling calamity had occurred, that the attempts to repair 
the damage had been unsuccessful, and that from a state of certainty as to their ability 
to rebuild the embankment the officials had passed to one of hopes of success, and had 
finally arrived at a condition where fear of eventual failure was uppermost in the minds 
of those best able to judge. 

Under these circumstances some of the residents in Shanghai began to think it 
might be worth while to have some definite information as to the state of affairs, and 
I was eommissioned by the Hong-Kong and Shanghai Bank and Messrs. Jardine, Math- 
eson Sl Co. to visit the breach and rej^rt on what I baw. 

H. £. Li Hung-Chang expressed himself as being most favorably disposed to my 
visit, and while not acting on his behalf, I had the advantage of a special passport 
and a letter requesting the local authorities to give me all the information and assist- 
ance in their power. 

It was arranged that I should be accompanied by Mr. G. A. Hillier, of the Hong- 
Kong and Shanghai Bank, and starting from Tientsin on September 14, 1888, we arriv^ 
at the breach on the 27th, after fourteen days' continuous cart-traveling i^om day- 
light till dark. 

Before saying anything regarding the breach it will be convenient to make a few 
remarks on the Yellow River generally. 

All residents on the coast or the northern portion of China are acquainted with the 
way in which the land gradually extends seaward. The immense amount of silt 
brought down by the Yangtze, the Yellow Kiver, the Peiho, etc., and other less im- 
portant streams is deposited near their mouths. As this land grows, the inhabitants 
fipradnally bring it nnder cultivation. Being very low, it is constantly exposed to 
floods, and one of the first works of the farmer is to build a small embankment along 
the most exposed places. The streams, being subject to floods from inland waters, 
rise higher tl}pn the tides, and embankments along these become of vital importance. 
As the extension of land proceeds population increases, and possession is taken of 
the ground on the river side of these embankments, outer embankments being con- 
stmcted so as to protect this newly reclaimed land from floods, and this work goes on 
on both sides of the river until the channel is contained between two embankments 
only snfflciently far apart to allow the water to pass in times of flood ; any attempt 
to encroach further on the river being sure to end in failure. 

I do not for a moment maintain that the Yellow River has deposited the great 
plain of China during the life-time of the human race, nor do I even wish to raise the 
queetion of the origin of the main portion of the great plain at all, but what I wish 
to make clear is that aees ago the population found a river divided probably into 
several streams, that they gradually built embankments one after another to protect 
their fields against floods, until at last they confined this immense river between two 
more or less substantial embankments, and that it is with this river thus artificially 
controlled that we have to deal, and not a river wholly or even in great part exist- 
ing nnder natural conditions. One of the firet effects of such embankments is to 
raise the level of the high floods. An amount of water which will flood an area 50 
miles wide 2 feet deep is sufficient to flood a width of 5 miles 20 feet deep; and 
though no such simple proportion exists in reality, still it must be clear that as soon 
as the width of the flood channel is decreased the depth of the floods increases, and 
the final embankments must therefore be much higher than the first protecting banks. 

Between these embankments thus the river flows usually in a comparatively nar- 
row channel, but in times of flood it extends to the embankments, rises above the 
level of the surrounding country, and when it finds a weak spot breaks through and 
floods the adjacent lands. It was a calamity of this sort which occurred last year in 
Shantung, but, under the conditions referred to above, such an inundation, however 
appalling, can be only temporary. In a few weeks or months, as the case may be, the 
river falls, the flood waters drain off, and the embankment can be repaired. It may 
be and often is worth while to try to stop breaches of this sort even before the sub- 
sidenee of the flood, but it must be clear that the closing of such a breach need never 
baffle human ingenuity. The time is sure to come when the work will be simply 
that of making a river embankment. 

As time goes on, however, i^uite another state of affairs comes into existence. If 
the embankments are kept intact each flood leaves a certain amount of deposit. 
This is most marked near -the embankments where the water is shallow and the 
speed of the current lees than in the center, but it tells by degrees even on the low- 
water channel itself; and after a time it is no longer the surface of the flood- water 
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that is higher thaq the Barroandiaji: countrVf but the very bottom of the low-w^ter 
chatiDel becomes higher than the Inud outside the banks. How long it takes for this 
state of afl'alrs to be brought about I do not pretend to sav withoat mnch more in- 
formation than is possessed at present, but this may«be safely stated, that all raising 
of the bottom of the low- water channel above the general level of the country has 
taken place since the river was confined between artificial embankments. Of the 
extent to which this raising has taken place I shall speak further on, bat it does ex- 
ist along a considerable portion of the present bed and of the old bed which it occu- 
pied until about forty years ago, and which now goes by the name of Yu Huang Ho 
or Silted Yellow River, showing that the Chinese are well aware of the fact. 

Under such conditions as these a breach of the embankment resembles such a 
breach as I have beiore described, in name only. No matter how low the water may 
fall it will continue to pour out of the bed into the country ; and when it is remem- 
bered that the Yellow River is one of the great rivers of the world it is seen that the 
dosing of such a breach is beset with difficulties such as have rarely if ever to be 
encountered during the execution of the most extensive engineering works of modem 
times. 

In the maps which many of us used at school, the Yellow River was shown (and cor- 
rectly sho^n) as entering the Yellow Sea south of the province of Shantung, crossing 
the Grand Canal at a place called Chingkiangx>oo (not to be confounded with Chiu- 
kiang on the Yantze). Early in the fifties, however, it was noticed that the color of 
the Yellow Sea had considerably altered, and I believe it was Dr. Macgowan who first 
brought to the notice of residents here the fact that there was abundance of evi- 
dence that the river had changed its course and was now flowing into the Gulf of 
Pechili. 

In 1868 Mr. Ney Elias visited the river and made a map of the new course, from which 
it appears that at a place called Lungmdnkow, some 10 miles east of Kaifongfu, the 
river had burst through its northern embankment and, flooding the adjacent country ,- 
had eventually found its way to a small stream called the Tatsing and had taken 
possession of its bed, canying away bridges and other obstructions, and, passing a 
few miles west of Tsinanfn, the capital of Shantung, was flowing into the Gulf of 
Pechili at a place named Tiehm^ukow. In its course it crossed the Grand Canal at 
a place called Pahlimiao and at the time of Mr. Ney Elias's visit the portion of the 
river between the breach and the canal was in a deplorable condition. Any attempts 
that may have been made to close the breach must have entirely failed,,^ and between 
the points above mentioned a tract of country some 20 miles wide was practically 
given up to the river. Below Pahlimiao the river, following a bed below the level 
of the country, was well defined. 

When I visited this place in 1878 great changes had been effected in the upper por- 
tion. Close to the breach, it is true, the scene was still one of the utmost desolation. 
The river consisted of a net work of channels where deep holes were followed by 
shallows of such slight depths that my boat, drawing a little more than a foot of 
water was often aground, on two or three occasions for hours at a time, while the 
banks of the river were unrecognizable and probably really out of sight. After 
about twenty miles, however, there was a great change for the better; the officials 
had been at work, and the immense marsh intersected by channels of various sizes 
had given way to a river confined to one low-water channel, and with embankments 
along both sides at a moderate distance, apparently just sufficiently wide apart to 
take the flood waters. 

Below Pahlimiao as far as Tsinanfu the river was in precisely the same condition 
as at the time of Mr. Ney Eli'as's visit. Of the lowest portion of all I cannot speak, 
as I have never seen it. " 

It appears, therefore, that as soon as the officials discovered that they could not 
close the breach they set about conserving the new channel. The portion between 
the canal and Tsinanfu presented no difficulties, but the upper portion was little but 
a marsh and had to be converted into a river by the construction of embankments, 
and, as giving some Idea of the time occupied by such works, the length between 
the breach and the Grand Canal measuring about 100 miles had been nearly but not 
quite brought under control in some twenty-five years after the breach had occurred. 

The whole of the new course from the great breach at Lnngm^nkow above referred to 
appears to be below the general level of the country immediately adjacent to the river, 
and there is therefore fair reason to suppose that, if moderate care be taken to pro- 
tect the embankments, any floods arising from breaches along this part of the course 
will be for many years to come only temporary, and the river will stick to its present 
bed. In conrse of time, however, the process of silting will gradually raise the bed 
and the officials will go on raising the embankments. At last some day a breach will 
occur which the officials cannot cope with, and the present course wUl be left high 
and dry, and a new tract of country will be flooded, the officials will again control 
the river between embankments, and the silting will take place as nsnaland event- 
ually bring about another catastrophe. These things have happened more than 
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oDoe in historie timea, villnges still existinff which derive their names from' having 
been on the banks of the TelloW River, ana the traveler in these districts very soon 
understands why the river has been called China's Sorrow. 

The Yellow River appears to have a great fall as it flows throngh Shausi, its height 
above the sea at the northern point of Shansi being about 3,500 feet and at the 
southern point where it enters Honan probably not more than 500 feet. It conse- 
qaently enters Honan charged with silt, and, its velocity being checked, immediately 
begins to deposit it. The Heavier particles are deposited first and the silt found in 
the northwestern part of Honan, as evidenced by the< bed of the river, by the re- 
mains of a channel formed after a breach about a century ago, and by the embank- 
ments which are made from the bed of the river, is pure sand, so clean that' when a 
Quantity is rabbed between the hands it leaves not the slightest stain. Farther 
own, howoTer, there is a more muddy deposit, and the old bed, which runs past 
Chingkiangpoo, is now cultivated and is exceedingly fertile. As most silt is brought 
down during floods the portions of the bed between the low- water channel and the 
embankments are anickly raised. The low-water channel alters its position from 
time to time and wnen it keeps for a long time cutting towards one embankment, the 
bind which it leaves between it and the other embankment soon rises to nearly the 
level of the highest floods and is covered only at intervals of many years. This land 
is then brought under cultivation and a comparatively low embankment suffices to 
protect it against occasional floods. On the other side of the river, however, the 
safety of the embankment is soon threatened, the officials begin to strengthen and 
protect it and if at last they find the river too strong for them they build another 
embankment outside and let the old one go. In this wav one often finds several em- 
bankments parallel to the river, but one which has been built in a silted bed is easily 
distingaished fcom an original embankment which separates the bed from the ordi- 
nary coantry. The former of these has the land on both sides approximately level ; 
Dot so the latter, i. e., the original bank. The appearance of the first of these banks 
which are seen by a traveler is most surprising. Going along through the country 
he sees something like a railway embankment 30 or 35 leet high. On reaching it he 
iscenda and finds the top as a rule from 30 to 60 feet wide, but on looking down on 
the inside he finds the bed only 15 or 20 feet below him. He can hardly help think- 
ing that the country is the bed and that the bed is the country, but he soon realizes 
the fact that when the embankment was constructed the land on both sides was 
probably about the same level, but years of silting had raised the bed far above the 
eoantry. While, however, the general appearance, particularly in the case of the old 
4Dd disused 1>ed, leads one at fint to think that the general level of it is from 12 to 
'M feet abov6 the country, measurements show that it is only at the edges that the 
bed is so high, and that the lowest portion of the bed is probably not more than 5 
or 6 feet above tbe general level of the land outside. 

• »^« * • • • 

Having thus given a general description of the Yellow River, I may proceed to give 
acme details of the great breach of 1887. The town of Chengchow, near which it 
occurred, lies some 40 miles west of Kaifongfn, and the river at this point flows in its 
old bed, the great breach of 1854 having occurred some 50 miles lower down. The 
embankments here are constructed of little but sand, and the river has for many 
years been cutting away its southern shore, the northern embankment having been 
left many miles to the north. The low-water channel runs for a long distance close 
to the southern embankment, while its bottom is 4 or 5 feet above the level of the 
country outside. In the autumn of 1887 the appearance of the river became very 
threatening, and despite the utmost efforts of tbe officials to protect the embankment 
against the effects of the current, it was gradually eaten into. Towards the end of 
September water bej^an to trickle through in several places, and on the 29th of Sep- 
tember, 1887, a portion of the embankment gave way. 

As soon as the water began to run through the opening the embankment was 
quickly carried off by the flood, and in a very short time nn less than a mile of it had 
entirely disappeared. Through this gigantic opening the entire river tlowed out 
quickly, eating down its own bed close to the gap to the level of the country outside, 
and before very long the old bed of the river below the gap was left perfectly dry. 

The water which came through the gap. that is to say, the whole of tbe water of 
the Yellow River, flooded an immense track of country. There being no valleys along, 
which water would naturally run, it seems to have spread itself over such a large 
area that there was very considerable difficulty in saying what was the direction of 
the main stream. Probably the principal portion of the water found its way towards 
the Hungtse Lake, the level of which was considerably raised. Thence a large por- 
tion flowed throngh the Kao Yao Lake and along the* low-lying land bordering the 
Grand Canal to tbe Yangtze, while a couAiderable portion passed into the Grand 
Canal and was thence directed as far as possible through tbe numerous sluices in the 
eastern bank towards the Yellow Sea. The amount of damage done by this flood is 
not very well knowu. Numerous villages were swept away and some cities suffered 
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considerabqTy one having been saved only by the popalace looting the pawn shops 
and filling up the gateways and other openings in the walls with clothes, and so pro- 
tecting the interior from being mined by the first rush of the torrent. Still, after the 
first news of the disaster, the subsequent reports were of a much less distressing na- 
ture than was expected. It is probably the case that the area flooded was so wide 
that the average depth did not exceed a very few feet, and as in even the flattest 
country there are differences of level of a foot or two, large portions of every district 
must have been left oncovered, while further portions could be reclaimed with 
.scarcely any trouble. In this case the distress would rather be wide-spread than 
acute, and though the suggestion is not founded on direct evidence, there is good 
reason to believe that it nearly represents the actual state of affairs. 

Under these circumstances there were two courses open to the Government. Ooe 
was to close the breach and bring the river back to its old course, the other was to leave 
the breach untouched, to make a new chaunel for the Tellow River towards either 
the Yangtze or the Yellow Sea, leaving the old bed to be cultivated in certain por- 
tions, and probably to form lakes in other places. The idea that the river must have 
picked out the best course for itself may at once be dismissed. It has been flowing 
m a raised bed, that is to say under entirely artificial conditions, and had broken 
through at one point and flooded the country. It broke through not because the 
general lay of the country was favorable to it, but because the artificial bank hap- 
pened to be weak at that point. There loiight be, and I believe there was, a very 
much better course on the north side of the old river, but the water having once 
dropped down on the southern side was prevented by the old artificial course from 
ever again finding its way north. While, however, there is no possible excuse for 
sayiug that the river had found the best course possible, it is true that if confined 
between embankments it would have been constrained to follow a course probably a 
few feet lower than the adjacent country, which would be a much better channel than 
the one it left; but then it must be remembered that the old high-level channel con- 
tinued for only about 50 miles be^.ow the breach, viz, to LnngmSnkow, where Uie old 
breach of ltJ54 occurred, below which point the river followed a channel at least as good 
as, and I believe considerably better than any that could be picked out for it to the 
south, and one on which moreover the officials had been at work with more or less 
activity for more than thirty-flve years, and which in any case is better now than 
the new channel to the south could be made in thirty -five years more by ihe oonstrno- 
tion of some 800 miles of heavy embankments, to say nothing of the temporary works. 
I believe then that the Chinese officials were fully justified in determining to close the 
breach and restore the river to its course if they could. 

The system which the Chinese authorities adopted of closing the breach was iu 
one sense the simplest possible. Finding that a mile of their embankment had been 
cut away they started at each end of the old embankmAnt and carried forward new 
ones to meet near the middle of the breach. The water as before stated had flooded 
all the country for miles in every direction outside the breach, but a small embank- 
ment of a few feet in height was run out from the western end of the breach ap- 
proximately at right angles to the river and this protected the land to the westward, 
but all the land to the south and east remained flooded as far as the eye couhl reach, 
one of the principal streams running close along the outside of the easteru embank- 
ment with a depth of 10 or 12 feet. 

It is evident that if the authorities had simply constructed their embankment of 
sand it would have been washed away as fast as they made it, and they therefore 
coDstrncted it of bundles of miUet stalks fastened together with ropes aud stakes and 
filled In with mud, if they could get it, but generally with sand, and loaded with 
stone. 

As before stated the old embankments are from 30 to 60 feet wide ou top, but the 
officials rightly judged that such a width would be too small for their new bank, 
which they therefore built much wider, but most people will be surprised to hear 
that the width varied from 250 to 350 feet and the average was fully 300 feet. The 
stalks of the Kaoliang or large millet are neither strong nor lasting, aud in most re- 
spects are much inferior to willows, or osiers, generally used in Europe, but they are 
yielding, and as each layer is weighted by the layer on top the mass is crushed to- 
gether and the sand is retained so that the embankment becomes impervious to 
water; while if osiers are used the sand gets washed away and the embankment is 
little better than a sieve, and I soon became convinced that for the purpose in this 
special case no better material could be used. The means of obtaiuing materials and 
labor was simplicity itself. Notices were put up that millet stalks would be bought 
at the works at a certain price, which varied at. different seasons, and I saw one 
proclamation stating that all delivered before a certain day would be paid for at the 
rate of Tls. 0. 0. 2 per catty, or say a half penny a pound, and I saw millet stalks 
being carried to the works in barrows ; so the immense quantities required appear to 
have been collected in very small lots. As the millet stalks arrived they were tied 
in bundles and built in stacks* When required for the works the coolies went to the 
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stacks, each man reo«i yed a bnndle, and proceeded to the embankment, where, on 
paaaiug throngh a wicket gate, he received a stated number of caah. As regards 
sand it appears that the men could go for it where they liked, and on bringing a 
barrow load to the works each man on passing a wicket received 30 cash if his bar- 
row was considered full. 

On this system work no doubt went on easily enough at first, but it will be readily 
understood that as the two ends approached each other the speed of the current in- 
creased, with the natural result that the bottom was eaten away. The lowering of 
the masses of millet stalks at the ends of the embankment became a work of some 
difficulty. Thn method adopted was generally as follows: A large boat was anchored 
near the end of the embankment and ropes were let down the embankment and laid 
over the boat. On these ropes masses of millet stalks were placed, the bundles being 
secured together by ropes and stakes filled in with stones and sand, and this mass was 
eventually lowered between the boat and the embankment, the ropes from the boat 
being eventuaUy brought over the mass and fastened back to the end of the bank by 
stakes. When a certain number of these masses had been laid so as to come above 
water-level, the whole was built up as high above water as was thought necessary. 

Probably ignorance of the almost superhuman exertions that would be required to 
coDslruct the final length formed a great element in the enthusiasm of the officials, 
and they are perhaps hardly to be blamed if, when the original width of 5,300 feet 
bad been reduced to 500 or 600, as must have been the case in the summer of 1888, 
tbey spoke of the completion of the work as being near at hand; but they were 
doomed to disappointment. The summer floods treated them very badly, not only by 
washinic away some portions of their work, but by sconring out the breach to an 
almost incredible depth. It ►eems to have been about this time that the higher offi- 
cials began to get alarmed. They began to realize the fact that the woi^ before them 
was of a gigantic character. The amount of the embankment swept away was not 
very large compared with the whole work executed, but to replace it was far more 
difficult than the original work of construction. The current was gradually eating 
away below the new embankment and was threatening to undermine it entirely. 

It is greatly to the credit of the local officials that Uiey did not lose heart. They 
cast in immense quantities of stone brought from quarries about two days' sail up 
the river, and where portions of the embankment sunk they added fresh material on 
top, thns addine weight to the whole structure, and so preserved the bulk of their 
irork until the falling of the water gave them breathing time. 

When I arrived at the breach in September the ends of the two embankments were 
▼ithin 400 feet of each other, measured at the top. They were, as I have previously 
said, about 300 feet wide, and at the ends they were aboat 40 feet above water, this 
height being given partly in order to add weight to the lower portion and prevent 
its being carried away, and partly to facilitate the building of masses of fascines to 
lower into the water; but the great feature was the depth of water, which was 70 
feet. 

The speed of the current was not very great. Boats passed down from time to 
time, but seei)!^ that the breach was full of eddies of such extent that sometimes 
boats were earned right up on the west side, no proper measurement could be made. 
Judging firom the appearance of the boats going down, I estimated ihe velocity at 
seven miles an hour. 

Practically the whole of the work up to this point had been done by Li Huuff-tsao, 
who had been long in charge, but had Just been sent for to Peking, and who hiM been 
replaced by Wu Ta-ch6ng, wno took charge a short time before my arrival. 

The bed of the riyer below the breach was practically drr. A small canal had 
been cut along it to relieve the breach of some of the water, but it was so small and 
so poorly executed that for practical purposes it may be disregarded, and the level 
of the water flowing through the breach was distinctly lower than the old bed. 
Very oareful leveling showed that the lowest part of the old bed just below the 
breach was 18 inches higher than the surface of the flood water outside the bank, 
and as the average depth of this was certainly over 2 feet 6 inches, the bottom of the 
river was at least 10 feet above the average level of the country, and as the depth in 
these places where the flood waters were flowing quickly was about 10 feet, or more, 
it may safely be said that the bottoms of the ordinary water courses in this district 
were some 12 feet lower than the bottom of the Yellow River. 

Mr. Hillier had some long interviews with Wu Ta-chdng, who, from the first, 
expressed himself as being confident of success, but it is not surprising that many 
people took a less hopefuf view. I found that all the European engineers who hnd 
expressed any oviniou on the subject had stated their belief that the Chinese could 
never close the oreach by simply advancing the two ends to meet, and those who had 
examined the place most carefully were most decided in their opinions. 

On my arrival I at once proceeded to make a general survey of the place and to 
take some levels, and after I had by these means made myself acquainted with the 
leading facts of the case I began to consider more closely the possibility of the Chinese 



3104 REPORT OF THE CHIEF OF ENGINEERS, U. 8. ARMY. 

beiog Bucoessful, and on the other hand to put IdIo practical shape some scl^eme for 
closing the breach shonld the ChiDese fall. The only fact of f^reat importance which 
I have not already stated is that the fall of the bed of the riTer immediately below 
the breach is as nearly as possible one foot per mile. Thin is a very great fall for sach 
a large river, bat the re»alt was arrived at by careful leveling, and is nndonbtediy 
correct for a very considerable distance. Thin fact has an important bearing on the 
possibility of catting a channel along the old bed so large and so deep as to draw 
away the water from the breach. It will be seen that the constraction of snch a 
channel woald be possible, but would be a very large work, and the Chinese proposal 
to construct one 15 feet deep and 1 mile long under the impression that once the 
water was let into it it would rush down and carry everything before it, clearing out 
a channel for itself, seemed to me so utterly unpractical that I gave it no further 
thought and I turned my attention solely to the breach. It was clear that by simply 
crowding on men and employing materials in the most lavish manner the Chinese 
had constructed two immense and most substantial embankments, fully able to do 
their part of the work if the gap was closed, but the most important point was that 
the breach had been scoured by a most severe flood much greater than any that might 
be expected for several months. This flood must have undermined the ends of the 
embankments which sank and was made up on top, but which must have slipped ont 
a considerable distance towards each other at the bottom. The water, when I saw 
it, was almost at its lowest, and would probably remain like that for three months ; 
and it appeared to me that the gap might be considerably narrowed before the ve- 
locity became as high as it had been during summer, and till this occurred probably 
no further scouring would take place; and I thought it well within the bounds of 
possibility that fully 100 feet could be added to each embankment in somewhat the 
same manner as the first part bad been made. By that time the tops of the embank* 
ments would be within 200 feet of each other, their bottoms would certainly touch, 
and it seemed possible that by making a regular network of ropes over the breach, a 
mass of millet stalks and sand could be made of such a size and of such strength that 
when lowered into the breach the current could not carry it away. If this were done 
the interstices could be filled up with smaller masses and eventually the breach ooald 
be closed. I therefore represented to H. £. Wu Ta-chdng and to H. £. Li Hung- 
chang that iu my opinion they should strain every nerve to proceed with the work 
in the ordinary manner, and not until the next flood overpowered them should they 
think of European systems, and there was, as I put it, an even chance in my opinion 
that they would be successful. This opinion proved to be correct, and on tne 20th of 
January, 1889, the breach was finally closed, the immense depth of water in which 
this was effected being evidenced by the fact that there is a laKe immediately outside 
50 feet deep. 

That the Chinese did right in making up their minds to close the breach, if possi- 
ble, I have not the slightest doubt. There are many places where the river embank- 
ments are very bad, notably in the neighborhood of the late breach, but there are 
hundreds of miles of fairly good embankments, or at least of embankments as good as 
any others that could be built along a new course during the next twenty or thirty 
years. 

Some of the latept instructions which have been given regarding the mouth of the 
river show that the authorities are learning either from experience or from good ad* 
visers something of the right of way of dealing with such rivers. When the Chinese 
have in former years been troubled with flo^s in their rivers they have been too 
ready to cut extra channels to carry off the surplus water. This as a rule is the ex- 
act opposite of what should be done. The extra channel lowers the velocity, the 
river deposits more silt, the bed rises, and the level of the floods becomes higher than 
ever. The last instructions appear to be to close all the months of the river bat one. 
This one the river must keep open, and its increased velocity will deepen the bed 
and probably lower the level of the flood- waters of the river. 

I am bv no means of opinion that the Chinese have mastered the science of river 
engineering, nor that even when good orders are given the work will always be car- 
ried ont in a satisfactory manner; but I am perfectly certain that they can deal with 
the Yellow River better than any foreigner who has to base his opinion on the results 
of a cursory visit and such general information as he can pick up from notices scat- 
tered through books and periodicals, and if I hazard any opinion it will be to the 
effect that there is no raflical cure for the troubles of the Yellow River. A board of 
conservancy might do much to keep the river works in such a state as to prevent the 
inundations that continually take place, but all hopes of inventing any scheme 
which will set matters to rights once for all is entirely chimerical. 

In reply to a question as to what had been the result of closing the breach, Mr. 
Morrison said the river was now flowing in its bed. 

The Rev. T. R. Stevenson, in moving a vote of thanks to the lecturer, said they 
had heard a most lucid explanation of one of the most interesting catastrophes o( 
modem times. 
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The Rev. Dr. Edkins, in seooncUng, said: We are very mnoh indebted to Mr. Mor- 
rison for the account he has given us of the Yellow River, and for his extremely 
graphic and interesting description of the breach and the way in which it has been 
closed ap. It seems to me we see here what Chinese can do ; and one principal rea- 
son why they are able to attack a problem is because of the great past behind them. 
It is not the first century in which they have undertaken great engineering works. 
It is very interesting to read in old Chinese literatnre of the way in which from time 
to time they hare met the catastrophes of their rivers; and there is one especially 
interesting account in the history of the first century before Christ, in the reign of 
the Emperor Han Wu Ti, one of the great names of Chinese history. He visited 
the works himself. He was an eminent conqnerer, and surrounded by nobles, states- 
men, and men eminent in literature ; and one interesting circumstance is that he 
himself wrote a poem which has been preserved ever since in Chinese literature, 
describing the breach and the work that was being done in filling it up. The point 
at which this took place is not very far from Chengchow, which the lecturer has 
himself visited. At that time China was a different country from what it is now. 
Instead of the kao-liang stalks, of which yon have heard, they were able to collect 
considerable quantities of bamboos. Naturally this would render the work easier 
to accomplish, and would give greater power of resistance. There are many inter- 
esting circumstances which I will not attempt to enter into now, but I feel a very 
considerable gratification in thinking that the Chinese in maintaining their power 
of engineering to this extent show the efi^ects of the history of the past upon them ; 
and the knowledge and energy they are able now to exhibit is on account of the 
knowledge and energy which their forefathers acquired and exhibited before them. 
Considering the decided opinion that has been formed by the lecturer in regard to 
the success of the Chinese, and the decided approval he has given to the course they 
took to fill up the breach, I think we should have a great amount of satisfaction in 
the thought that the Chinese are not so incompetent as many men represent them 
to be, and that not only in river engineering, but in many other subjects that come 
before the statesmen of this country they are not so unprepared as many men suppose 
to meet their difficulties and turn their catastrophes into exhibitions of great energy. 
Upon the whole the result is that we should add something to our opinion in regard 
to the power and the competency of the Chinese to meet their difficulties. 
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MBMORANDUM ON OUTLETS. 

Outlets have often been proposed as a method of reducing flood heights on the Mis- 
sissippi. The immediate results on flood heights are so evident and so beneficial 
when a large crevasse is formed, the good results of an opening far larger than ever 
occurs naturally seem so immediate and apparent, that it is not strange that many 
persons look on them as the true remedy for great floods. 

In a letter of February 1, 1890, to the Chief of Engineers (extract appended hereto), 
I consider^ the effects of making an outlet a mile wide and to a depth of 10 feet 
below low water, from the Mississippi River into Lake Borgne, and need not repeat 
the disonsslon here. In it I assumed what is well known to all persons familiar with 
hydraalics, namely, that a sedimentary river flowing in its own alluvion only ac- 
qnires a stable regimen when it has taken a slope suitable to its varying discbarges 
and to the material through which it flows; and, as a rule, that these slopen diminish 
as the size of the river increases, and increase as the size of the river decreases. It 
may be well to give some examplcH of this general fact. 

(a) ThcSonth Pass carried, in 1875, about one-fourth of the water that the South- 
west Pass did. Its slope, from the head of the Passes to its original bar, was about 
one-third greater than that of the Southwest Pans. 

(6) The observed dischara^ of the Atchafalaya in 1H82 were from one-seventh to 
one-tenth of those of the Mississippi, Its average slope to the Gulf is double that of 
the Mississippi. 

(e) The Salina Pass, in the Delta of the Danube, carries two twenty-sevenths of 
the total river flow, while the St. George Pass carries eight twenty-sevenths. The 
slope of the Salina is one-half greater than that of the St. George Pass. 

These examples are sufficient to illustrate the general rule already stated, that 
sedimentary rivers flowing in their own alluvion take larger slopes the smaller they 
are. Hence, if at Lake Borgne or elsewhere in its Delta, the Mississippi were divided 
into two rivers, since each would be smaller than the present river, the two new 
rivers would go to work to obtain the new and steeper slopes suited to dimensions 

BWG 90 196 
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smaller than those of the orif^inal river, and hence woald baild up their beds. This 
prooess wonld only cease when the steeper slopes needed by each were obtained. 
Since both rivers wonld then have one end at the gulf, and have steeper slopes up to 
their point of divergence than the main river now haa» the flood surface of the river 
at that point would be higher than now. 

There have been cases where the experiment of dividing rivers in two has been 
tried by nature or by man. Alton t A. D. 1438, the Adige broke its levees and poured 
its waters south into the Castagnoro and Canale Bianco, which then formed a drain- 
age stream parallel to the Po. In 1545 the break had so increased that two-thirds of 
the low-water flow of the Adige and three-fourths of the high-water flow went 
through it. A low dam was built across the Castagnoroi to check, the flow into it, 
and both rivers raised their beds. In 1678 a new dam was built, as the old one was 
then buried in the deposit. The bed still rose. In 1791 a masonry dam 39 feet high, 
with many archways through it to allow floods to pass, was built across the Castng- 
noro. The bed continued to rise and the floods on the Adige were so high that in 
1838 the Castagnoro was permanently closed. In the six years following the closure 
the floods in the Adige fell, and the more markedly the nearer t)he point consid- 
ered was to the Castagnoro. 

Thus far only outlets have been considered which are permanent rivers. For such 
outlets the effect in finally raising the flood surface of the main river will be the 
greater as the flow of the outlet is more nearly equal to the remaining flow in the 
main river. If the ontlet is small its effect on the main river will be small. 

Places at which there is no escape, except at high stages, are sometimes called ont- 
lete. For many years prior to the recent closing of the levee gaps along the Mis- 
sissippi, below Red River, and of the gaps which permitted water to escape from the 
vicinity of Tumbulls Island into the Atchafalaya Basin, the maximum flood flow past 
New Orleans was but about 1,100,000 cubic feet per second. This flow is ample for 
all navigation purposes, and no practical gain to navigation will result from increas- 
ing it. In 1882 it was estimated that about 2,200,000 cubic feet per second passed the 
latitude of Rod River mouth. It has been proposed to allow only 200,000 cubic feet 
per second to go down the Atchafalaya, leaving 1,900,000 or 2,000,000 cubic feet per 
second to go dowu the main river. In my Judgment, until the heights of levees below 
Red River are largely increased, there should be left a free opportunity for the escape 
overland of 400,000 cubic feet per second from the vicinity of TurnbuUs Island into 
the Atchafalaya Basin, in such floods as that of 1882, in addition to the 200,000 cubic 
feet per second which is to go down the Atchafalaya. If such an escape, existing 
only at high water, be call^ an outlet, then I think it necessary, at least for the 
present. It will do no harm to navigation, which was good enough for many years 
before the escape into the Atchafalaya Basin was redu<^. On the other hand, to 
try to force, in a great flood, 1,900,000 cubic feet per second past New Orleans, with 
levees at present heights, is sure to renew the disasters to levees at or below Red 
River which have occurred this year. The injury resulting from many breaks below 
Red River is so much ^ater than that resulting from the escape into the Atchafalaya 
Basin, from the vicinity of Turnbulls Island^ that the lesser interests should yield to 
the greater until it is po^ible to protect both. 

It may be concluded that the reduction, by any large amount, of the flow of the 
Mississippi at Lake Borgne will be ultimately followed by a rise in the flood heights 
at that place and a shoaling of the river below and at its mouth. 

Also, that until levees below Red River are much higher than they are flow, about 
600,000 cubic feet per second in the greatest floods should be allowed to go into the 
Atchafalaya Basin, thus relieving the river below. 

C. B. COMSTOCK, 

Colonel of EngineerSy Bvt. Brig, Gen,f U. S, A,, 
President Miseieeippi Miver CommisHon, 
Nbw York, May 10, 1800. 



(Eztraot Ax>in a letter to the Chief of Bngineert, February 1, 1800.] 

• • » » • « • 

The Lake Borgne Outlet,— A canal a mile in width leading from the Mississippi into 
Lake Borgne, its bottom being everywhere 10 feet below low water, as proposed by the 
bill, would, by an approximate computation, which is the only one practicable iu such 
a case, divert from the Mississippi about 400,000 cubic feet pei;second when the stage 
of the river near Lake Borgne is about 7 feet above Gulf level, and 500,000 cubic feet 
when the stage there is about 9 feet. The corresponding stages at CarroUton would 
be about 10 and 12 feet (since the slope would at last be the present high- water slope), 
the maximum stage there being 15.6 feet above mean Gulf. An outlet diverting 
400,000 cubic feet per second would lower the highest flood at CarroUton by about 6 
feet. (These computations are based on the discharge curve at CarroUton of 18tJ3« 
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If more water u forced past Carroilton hereafter by maintaining levees above, those 
figures will need moidification.) 

Jndgicg from tbe effect of local changes of flood height elsewhere on the river, this 
lowering of flood height at Carroilton wonld die out in something like 200 miles in 
ascending the river. Since for this distance the slopes would be steepened, it follows 
that velocities wonld be increased, with their destrnctive effects on the banks of 
the river and on levees. The outlet would do no good to navigation, but ratber the 
reverse. The first effect of taking 400,000 cnbic feet per second ont of the Mississippi 
would be a large lowering of the flood surface near the outlet. The flow through 
Lake Borgne wonld itself be a river of large size. 

Both theory and experience show that wnen, at all stages, a reduction in the. size 
of a river flowing in alluvial soil is made, or the river is split in two, the smaller rivers 
gradually take greater slopes than the main river had. Hence both the maiu river 
and the new river would gradually increase their slopes to suit the new conditions. 
Since the slope begins at the Gulf, it can not become ^reat'Cr on the main river below 
Lake Borgne, which is now nearly straight, without increasing flood heights at Lake 
Borgne. After some yeprs, then, if both routes to the sea remained large rivers, the 
flood level above the outlet wonld be higher than it is now, unless, as indeed is nut 
improbable, the large amount of sediment which would be dropped into Lake Borgne 
(where tbe flood velocities would at first be but about one-sixtn of those in the Mis- 
sissippi) should close this outlet, thus repairing the injury done to the main river. 
A large diversion of flow from the Mississippi to Lake Borgne wonld also seriously 
diminish the depths at the present mouths of the river. 

For the following reasons, then, no important outlet at Lake Borgne should be 
either uodertaken or permitted: 

(1) It would for some years lower the floods at the outlet, accelerate velocities 
above it, and increase caving and the consequent destruction of levees. 

(2) It wonld cause shoaling at the present months of the river. 

{Z) If both the new outlet and the main river below it remained important streams — 
that is, if neither of them closed itself under the action of natural causes — the flood 
heights at Lake Borgne and New Orleans would after some years be greater than 
they are now. 
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KOTS ON FLOOD RKPORT FOB 1800. 

The reports of the district officers on the flood of 1890 contain a large amonnt of 
valuable information. Two of them^ those of Captains Kingman and Leach, contain 
some conclusions which have a very important bearing on the heights needed for 
levees. If the conclusions are not justified they should not pass without notice. 

(1) Captain Kingman takes tbe discharge of the Nita Crevasse on May 7, 18J0, as 
402,000 cubic feet pes second, and says : 

*' At that time it became equal to one-third the entire discharge of the river. Not- 
withstanding this enormous escape, however, through the outlet, the actual fall 
directly traceable to this crevasse of the gauge at College Point from its highest 
point was only about 1.9 feet.'' 

This conclusion is largely in error, as will now be shown. It is necessary, 
however, first to say that errors of 5 per cent, are common in the gaugintrs of the 
main river when carefully and deliberately made, and hence that couclusious based 
on them are only approximate. In the gauging of crevasses, where the motion of 
the water is very irregular on account of the variations in cross-section of the crevasse 
channel, and where the observations are made hurriedly and under the danger of 
the observer's boat being carried into the crevasse by the high velocity, far greater 
errors must be expected, possibly amountiufi: to one-third of the measured discharge. 
Whenever possible they should be checked by other determinations. 

Id attempting to determine the effect of a crevasse with a given discharge in low- 
ering the water surface from the position it would have were there no crevasse, the 
simplest case would be that in which, at some gauge far enough above the crevasse 
not to be affected by it,^the river height remained stationary during the whole time 
considered. In that case the whole lowering of the surface at the crevasse could be 
attributed to the crevasse. Should the river, however, be rising at the upper station 
this most be allowed for in estimating the efl'ect of the crevahse. Should tbe river 
rise fast enough at the upper station to more than balance the increase of escape at 
the crevasse then the river surface might even rise at the crevasse, thus apparently 
•howing » rise as tbe result of a crevasse, although the real effect is of oouise a 1^ 
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from what the water-surface wonld have beeu without the crevasse. Apparently 
overlookinjT this Captain Kingman's results are unreliable. 

The observtid discharge of the Nita Crevasse on March ^3, 1890, was 89,000 cubic 
feet per second. On May 8, 1890, it was 402,000 cubic feet per second. The break 
occurred on March 14. Assnme, in the absence of. other information, that between 
these dates the discharge varied directly as the time, and interpolate for inrormediate 
dates accordingly. An examination of the curves of water heights for ertations above 
the crevasse will show that, while the crevasse affected river heights above as far as 
Bayou Sara, it affected the Red River Landing gauge height slightly or not at all. 
The Red River Landing gange will then be t^en for comparison with the College 
Point gauge to determine the effect of the crevasse on the water-surface at College 
Point. 

From March 16 to March 31 the Red River Landing gauge was practically sta- 
tionary, varying but 0.*2 feet. In this time the College Point gange fell 1.5 feet, and 
this fall was mainly due to the Nita crevasse, the Lafourche discharge changing 
very little. By interpolating as mentioned above, the discharge of the Nita crevasse 
on March 31 is found to be 141,000 cnbic feet per second, which caused the lowering 
of 1. 5 feet. From March 31 to April 21 the Red River Landing gauge rose 3. 4 feet, 
nearly to its maximnm, and then began to fall In consequence of the breaks below 
between April 21 and 23. Without crevasses this rise of 3. 4 feet at Red River Land- 
ing would have given a rise at College Point, between April 1 and April 22, of about 
1. 8 feet. But the College Point gauge reading, instead oi increasing by this amount, 
decreased by 0. 1 foot ; so that, as the Nita crevasse and the Bayou Lafourche were 
the only escapes during this time, and as the total escape at Bayou Lafourche was 
but about 40,000 cubic feet, the change in its escape (being that due to a change of 

fauge reading of but about a foot) was also small, and the reduction between April 
and April 21 of the reading of the College Point gauge by 1. 9 feet below what it 
would have been if the Nita discharge had remained the same as on March 31 was 
due almost entirely to the increase of the Nita discharge. Interpolating as before, 
for the discharge on April 21 we obtain 286,000 cnbic feet per second, an increase of 
145,000 cubic feet over that found for March 31. The fall at the College Point gauge 
of 1.9 feet, between March 31 and April 21, below it43 reading if the escape had not 
increased, is due to this increase of 145,000 cubic feet per second in the escape. 

Hence, summing the effects of the Nita crevasse^ it lowered the water surface from 
what it wonld otherwise have been : 

Feet. 

Between March 16 and March 31 1.5 

Between March 31 and April 21 1.9 

In all, up to April 21 .' 3.4 

the escape on April 21, which caused this lowering, being 286,000 onbio feet per 
second. This result differs very widely from Captain Kingman's estimate of a low- 
ering of 1.9 feet by an escape of 40*^,000 cnbic feet per second. 

As the maximnm gauge reading at College Point, 5 miles below the Nita crevasse, 
was reached on April 22, the discharge of the crevasse doubtless increased after this 
date, and gave rise to a lowering of the water surface whieh, to obtain the full 
amount, must be added to the 3. 4 feet already obtained. But several other breaks 
occurred from April 21 to April 23, between Red River and College Point, and the 
^further effect of the Nita crevasse in lowexing the water surface at College Point 
after April 22 can not be separated from that of the other breaks. 

A lowering of water surface of 3. 4 by an escape of 286,000 cubic feet per second 
would correspond to a lowering of 1 foot by an escape of 84,000 cnbic feet ; but, owing 
to the uncertainties in crevasse measurements, this can only be considered as an ap> 
proxiniation to the truth. 

(2) Captain Leach, irom discharge measurements given in his report, concludes first, 
that the maximum discharge over the parallel of Memphis, in the flood of 1890, was 
1,835,000 cubic feet per second, and that in 1882 it was 1,799,000 cubic feet per second, 
and hence that the maximum flow past the latitude of Memphis was greater in 1890 
than in 1882 by 36,000 cubic feet, while it was less at Helena in 1890 than in 1882 by 
231,000 cubic feet — a change in the difference of flow of 267,000 cnbic feet per second; 
second, he attributes this change to the fact that in 1890 the whole flow at Helena 
was confined between levees ; hence he conditionally concludes, third, that the max- 
imum discharjaje of a pven flood, when confined by levees, will be ** but little greater 
than the maximum discharge in the channel of the same flood unrestrained," Siat is, 
not confined by levees. 

These conclusions have so direct and important a bearing on the height needed for 
levees, and make the levee question one so simple that, if true, the plan of the Com- 
mission should at once conform to them. If not true, they are very misleading. The 
conclusions will be examined in order. 
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(1) The following table shows the relation of the flood height of 1890 to those of 
180S and 18^, respeotively, from Memphis to Cairo : 





1890, above. 


1890, below. 




1882. 


1883. 


1882. 


1888. 


VAmphiii ,_, , 


0.4 


Ftei. 
0.8 


Fttt. 


FttL 


Polton 


1.8 
1.2 
3.1 
3.0 


1.4 


Cottonwood 






1.6 


VAwMiidrtd 






3.3 


Cairo 






3.8 











It is seen, then, that from a point not far above Memphis to Cairo the flood of 1890 
was below that of 1882 by amoants inureasing to about 1.8 feet at Fulton and 3 feet 
at Cairo, and that these quantities are gen'erally a little greater for the flood of 18H3. 
With a flood S9 much lower along this principal part of tbe escape front of the St. 
Francis, a much smaller maximum escape than those of 1882 and 1883 mnst be ex- 
pected and mnst have occurred. But that of 1882 was estimated by Mr. Stewart at 
611,000 cubic feet per second, and that of 1883 at 413,000 cubic feet per second, by Mr. 
Jofanson. The obserrations under Captain Leach give for the water crossing the rail- 
roads west and sonthwest of Memphis, in 1890, quantities varying from 484,000 to 
579,000 cubic feet per second, or about the same as in 1882 and lS33, although the 
river above was so much lower. 

Observations on escape over banks and through crevasses, and on flow over rail- 
roads and through railroad trestles, are exposed to a much larger percentage of error 
than those on the regular discharge of a river; even the latter are subject to con- 
siderable errors. Referring to the discharges at Memphis, given in Captain Leacb's 
report, it will be seen that on March 31, 1890, the observed discharge was 1 313,000 
cubic feet per second, and that on April 1, with the gauge 0.08 foot higher, t4ie dis- 
charge was observed as 1.205,000 cubic feet per second, the latter being 108,000, or 8 per 
cent, less, with very little probability of any such change in the actual river flow. 
Observations along a railroad may easily bave several times this peroeutage of error. 

Captain Leaoh estimates the maximnm flow in 1890, over the latitude of Mempbis, 
as 4^,000 cubic feet more than the maximum flow over the latitude of New Madrid. 
It is difficult to see where this enormous increase could come from. He also etimates 
the maximum flow across the parallel of Helena, in 1890, at 218,000 cubic feet per 
second less than that across the parallel of Memphis. It is equally difficult to see 
what could cause this diminution. 

There is a method of obtaining the maximum swamp flow across the latitude of 
Memphis, in 1890, other than that of measuring the flow across railroads, namely, 
to subtract from the maximum flow across tbe parallel of Helena the flow in the 
river proper at Mempbiv one dav before. Tbe measures of tbe flow across the Kansas 
City, Springfield and Mempbis Kailway between March 17 and 19, and again between 
March ^ and 29, give nearly equal values to this flow. As during this period there 
was little variation in tbe gange readings from Memphis to New Madrid, tbe swamp 
flow appears to have been a nearly steady stream, even if tbe observed values of its 
flow were too large. On March 29, having been a stream with steady discharge at 
Memphis for ten days, it must have had about tbe same steady discharge at Helena. 
The date of the maximum return flow at Helena is indicated closely by the date of 
maximum gauge reading there on Marcb 28. Tbe average Mempbis discharges in 
tbe river proper from March 29 to April 1 are but 45,000 cubic feet less than those 
irom March 17 to March 20 ; that is, the Memphis discbarge from March 17 to April 
1 varied but little; hence the maximum flow across the latitude of Mempbis weold 
be bat two or three days before that at Helena. On April 3 tbe first discharge at 
Helena was measured as 1,547,000 cubic feet per second. The river had then fallen 
0.4 foot from its maximum gauge reading of March 28. The discharge curve of 
1882 at Helena gave higher discharges for like gauge readings immediately after tbe 
maximnm than before, so we may take this 1,549,000 cubic feet per second for tbe 
Helena discharge on March 28, 1890. This discbarge was the result of two streams. 
One oi them passed Memphis March 27, in the main river, and was observed as 
1,263,000 cubic feet per second ; the water in the other passed Memphis, in the St. 
Francis bottoms, as a nearly steady stream on March 25 and 26. As this stream had 
been nearly steady opposite Memphis since Marcb 18, it. must by March 28 have 
become nearly steady, with the same discharge at Helena, only 50 miles below in a 
direct line. Subtracting 1,263,000 from 1,547,000, tbe difference, 284,000 cubic feet, 
ihonld be the valne of the swamp flow opposite Memphis at the time of its maximum 
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on March 26, 1890. It diiFers widely from the 484,000 oabic feet per second obserred 
as the flow across the railroaKl. This wide difference in results obtained by methods 
which are both good is only another indication of the uncertainties which are large 
in measurements of the main river and still greater in those of escapes or swamp 
flows. 

In this discussion thus far I have considered chiefly the flows down the vafley at 
Memphis and Helena in 1890, in order to avoid the large uncertainties in the escape 
measures of 1882. Captain Leach has rather compared the flood of 1882 with that of 
IbDO, finding a relative change in flow between Memphis and Helena of 267,000 cubic 
feet. But as this value is obtained on the supposition that in 1890 the total maxi- 
mum flow past Helena was 218,000 cubic feet per second less than that past Mem- 
phis; if the last figures are unreliable the first are also. Captain Leach's estimate 
that the maximum total flow past Mempiiis in 1890 was 1,835,000 cubic feet per sec- 
ond is for the date March 17 ; if the date March 31 had been nsed, his result would 
have been reduced by only 23,000 cubic feet. Hence the difference between his re- 
sults and mine does not in any great degree arise from my taking March 26, instead 
of March 17, for the dat>e of the maximum flow across the latitude of Memphis. 

The acceptance of Captain Leach's results reqnires us to accept as true the follow- 
ing statements: (1) Although, above Fulton, the river was from 1 to 3 feet lower in 
1890 than in 1882 and 1883, yet the escape into the St. Francis Bottom was abont the 
same. (2) The maximum flow down the valley, including the flow in the St. Francis 
Bottom, in 1890, increased from about 1,412,000 cubic feet per second at New Madrid 
to 1,835,000 at Memphis, an increase of 423,000, and then diminished to 1,6^7,000 at 
Helena, a diminution of 218,000. (3) For the diminution between Memphis and He* 
lena, the theory is advanced that levees were the cause. The increase of 423,000 cu- 
bic feet between New Madrid and Memphis is left unexplained by this theory, as 
the levees there both in 1890 and in 1882 were practically open. 

lu view of the improbability that these assumptions are true, it only remains to 
attribute the results obtained by Captain Leach to errors arising from the nncertain- 
ties in measurement of discharge over and through many miles of railroad, and to 
errors in measuring the discharge of the river proper. It seems more probable, on 
the whole, that the total flow across the parallel of Memphis in 1890 was about the 
same as that across the parallel of Helena, and that it was, as at New Madrid and 
Helena, about 200,000 cubic feet per second less than in 1682. 

(2) Captain Leach's conditional conclusion that the maximum discharge of a given 
flood, when confined, will be "but little greater than the maximum discharge, in the 
channel, of the same flood unrestrained,''^ depends on the opinion that the maximum 
flood across the latitude of Helena, in 1890, was less than that across the latitude of 
Memphis by 218,000 cubic feet. As the premise is not established the conclusion is not 
proved. 

The opinion seems to underlie this conclusion, that in some unknown way a great 
flood can be confined and carried down the river when it is so leveed as to prevent 
any escape, with little increase in the maximum discbarge over that of the ri^er 
proper without levees. The inaccuracy of such an opinion can be shown by referring 
to the flood of 1882. At Columbus, from February 22 till March 3, 1882, or for ten 
days, the discharge varied from 1,603,000 to 1,518,000 cubic feet per second, or in round 
numbers exceeded 1,500,000 cubic feet per second. Now suppose that this flow had 
been steady for the period at 1,500,000 at Cairo, and that there had been levees so high 
as to contain this discharge, and to keep out all water from tributaries as far down as 
Hays' Landing, 553 miles from Cairo. On February 22, 18H2, the Hays' Landing gauge 
was 1.4 feet below its maximum for that year, and the discharge was 952,000 cubic feet 
per second. When the Mississippi River has no escape over baiiksandno change in flow 
of tributaries, it is well known that flood waves travel down it at the rate of about BO 
miles a day, this rate including any delay due to th«) reservoir effect of the main river. 
With high levees there would be no escape. Taking this rate seven days after Feb- 
ruary 22, the flood-wave from Cairo would reach Hays' Landing, and the river surface 
there would cease to rise The flow being supposed steady at Cairo at 1,500,000 cubic 
feet f^er second, during this time the river surface, confined by levees, in anv inter- 
mediate stretch could only cease to rise when the flow in at its upper end equalled the 
flow out at its lower end. Of the ten days, then, at Cairo, during which there was a 
steady flow of 1,500,000 cubic feet per second, only seven days would be needed to 
give the same steady flow of 1,500,000 cubic feet per second at all points on the river 
as far down as Hays' Landing. 

It may be objected that sufficient account has not been taken of the reservoir effect 
of the river proper. This can be estimated approximately. Assume that the con- 
fined flow of 1,500,000 cubic feet would gradually increase flood heights in descend- 
ing the river, so as to amount to 6 feet at Hays' Landing, or that the reservoir would 
have an average height of 3 feet for 553 miles, and assume that the levees are on the 
banks of the river and on an average one mile apart. The flow being 1,500,000 cubic 
feet per second at Cairo, and at maximum about 1,000,000 at Hays' Landing, the reo* 
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erroiT is beinff filled at the rate ofaboat 500,000 cnbic feet per second, and at this 
rate a sinele day's flow would fill it. Add this day to the seven and there results in 
all eight aaya from February 22 before the constant flow of 1,500,000 cubic feet, would 
be eetablished between the hifi^h levees at all poiutvS between Cairo and Hays' Land- 
ing, and this steady flow would then continue on March 2 and 3, at the same value. 
Now the actual maximum discharge observed at Hays' Landing in 1882 was 1,019,000 
eabio feet per second, and a steady flow of 1,500,000 from Cairo to Hays' Landing 
would have increased the maximum discharge at Hays' Landing by nearly 50 per 
cent., which is not '* a little greater," but is a good deal greater. 

It must be noted that thus far the tributaries have been supposed to be kept out of 
the main river. Aa this is impossible, the flow at Cairo of 1,500,000 cnbic feet, in 
18ti2, would result at Hays' Landing in a maximum flow about 200,000 cubic feet 
sreater, to which is to be added the escape above Columbus, thus giving a still 
higher percentage of increase. 

It 10 believed that these considerations sufficiently establish the principle that, with 
leTees from Cairo down so high as never to be broken, whenever for ten days the 
flood discharge at Cairo exceeds a given amount, the maximum discharge at points 
below will be larger than that amount. 

It must be noted that the steady flow at Cairo for ten days does not give the max- 
imum flow at points below, for a confined river, but only a limit below which that 
flow can not fall. The actual flow for a confined river would be greater than this 
limit, from the fact that in the ten days at Cairo the maximum discharge would be 
greater than the least discharge (which has been used) in that time, and from the 
further fact that heavy rains in the valleys of the Mississippi and of its tributaries 
below Cairo might add over 200.000 cnbic feet per second to tbe Cairo discharge. 

C. B. COMSTOCK, 

Colonel of Engineeref Bvt, Brig. Gen.f V. S. A., 
Pretident Mi9», Biver Commisrion, 
Nxw YOBK CiTT« June 30, 1890. 



Appendix D. 

STATEMKNT OF LBNGTH AND DISTRIBUTIOK OF FRONT LEYEE LINES IN THE ALLU- 
VIAL VALLEY OF THE MIS81B8IPPI. 

Mississippi River Commission, 

Office of the Secretary, 
St, Louis, Mo., August 12, 1890. 
Sir : Referring to my statement of the approximate length of levees existing be- 
fore the late flood, forwarded last May 3, 1 now submit a revised statement, obtained 
from later data, and showing small changes from the approximate lengths : 

Length of main front levees in miles. 



Bight 



AHon to Cape Ginrdeau 

Cape Girardeaa to Cairo (Bird*a Point) . . 

Cairo to Helena 

Helena to Cypresa Creek (head Tensas 

Baitin) 

Cypress Creek to Loalaiana State line. . . 

Louisiana State line to Bed River 

Red Birer to the Forta 

Total 



Miles. 



J 



274^ 



752| 



Left bank. 



Alton to Cape Girardeau 

Cape Girardeau to Cairo (Bird's Point) 

Cairo to Memphiii 

Memphis to Vicksburg 

Yioksbnri; to Baton Bonge 

Baton Rouge to the Forts 

Total 



Miles. 



12 
284 



105} 

"5ii 



Total length of main front levees in allavial valley, 1,294 miles. 

The levee lengths from Alton to Grand Tower, and from Commercial Point to near 
Cairo, are derived from our surveys of 1888 and 1889 ; and from Grand Tower to Com- 
mercial Point, 47.3 miles, from the survey of 1884. It is not thought that any con- 
siderable addition has been made to these levees, especially since 1888. 

The lengths firom Cairo to Island No. 1 are from the survey of 1877 ; from Island 
No. 1 to Frame's Chutes near Memphis, exct*pting at Plum Point Reach, from the sur- 
Toys of 1883 and 1885, and on right bank, from Frame's Chute to Commerce, from snr- 
veya of 1877 and 1678. These lengths are the same as those on the levee plots to Feb- 
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raary, 1877, and it was stated at Captain Leach's offioe to Mr. Ockersou, whoiti IdOnt 
last January to compile levee information at the Memphis offices, that there were no 
records there of new levees on the St. Francis front, excepting at Plilm Point Reach 
and Helena. 

The lengths on the right hank from Walnut Bend to Cypress Creek, excepting near 
Helena, are from the surveys of 1881 and 1883, and are the same as shown on the levee 
plots of February, lt^87. 

The levee lengths of the Plum Point Reach, vicinity of Helena, Yazoo Front, Tensas 
Front down to Donaldsonville, and left bank, Baton Kouge to Donaldsonville, are re- 
vised to February 1, 1890. Statements of levee built since the date of our survey were 
derived from the district officers and from the levee engineers of the different levee 
districts. 

Below Donaldsonville the lengths are taken from the 20,000-8cale Coast Survey 
charts, showing topography of 1871 to 1875, and additions made thereon by the State 
engineer of Louisiana, bringing the data down to February 1, 1890. There is noin^ 
forrMation here of levees below the forts. 

The lengths given do not include spurs nor loops not in the main front line; the 
Laconia Circle levee is shown as 18 miles long, but only its river front is considered 
as of the main front line. Neither do the lengths include railroad embankments. 
Very respectfully, your obedient servant. 



The President Mississippi River Commission. 



Chas. F. Powell, 
Captain^ Corps of Engineers, 



Appendix E. 



report of captain CHARLES F. POWELL, CORPS OF ENGINEERS, SECRETARY, BHS- 

6issippi river commission, and assistant to its construction committee; 
in charge of the st. louis office of the commission. 

Mississippi River Commission, 

Office of the Secretary, 

St. Louis, Mo., June 4, 1890. 

At the beginning of the year, June 1, 1889, for which this report of operation is 
rendered, the available balance of the Commission appropriation was $8,886. 26. No 
appropriation has been made during the year. Current expense, cousistiug princi- 
pally of salaries, reduced the balance, so that the civilian members of the Commis- 
sion have not been paid since November 15, 1889. These gentlemen preferred not to 
draw their salaries until more funds were provided, in order to permit an inspection 
of the river and its improvement works; it was authoritatively decided, however, 
that accruing obligations should be paid as far as the funds permitted; and since the 
statutes prohibit the incurrence of an expense in advance of an adequate appropria- 
tion therefor, except in certain special cases not here applicable, the result has been 
no river inspection since May, 1889, nor any Commission meeting since June of the 
same year. The balance of funds now available is $67.59, which will be exhausted 
during the month, leaving a deficiency at June 30, of $5,625 for Commissioners' sala- 
ries. 

Of the Commission fleet, the survey-boats Illinois and Kenttucky have continued to 
be temporarily loaned to the river survey, and the Pioneer to the general service. 
The house of the survey-boat Mississippi has also remained as at last report; its hull 
and that of the Tennessee have been condemned and disposed of; the house of the lat- 
ter is now carried on an old general-service barge. The three steam-launches of the 
Commission are still temporarily transferred, one for use in the third district, and 
two in the fourth. The steamer Patrol was received back from the first and second 
districts in July, and then loaned to the river survey, where the steamer still remains. 

No field operations were conducted during the year at the expense of the Commis- 
sion appropriation. In the office special eSbrt was made to obtain the notes of, And 
to compute the old and uncompuced discharge measureu:ente, as well as current 
ones; the tabulation of results from the year's tinal computations are appended ; this 
completes the discharge results to December 31, 1889, except those from measure- 
men tvH of 1889 at Red River Landing and Warrenton, and in Old River, and the 
Atchafalaya, whose final computation is now in hand, and also except the results at 
CarroUton, 1889, the notes of which have not been received. The appended tabula- 
tion also includes results of the 1»90 discharge nieaHurements at Wilson's Point, Skip- 
with Break, and New Madrid ; notes of other discharge measurements of this year 
have not been received. 
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An old zeporty ooDsistiDg of explanatory text, tabulated results and plates, upon the 
Te^imen elements of the river from Cairo to the Gulf at bank-full and medium 
atafces, was pablished dnriuff the year in pamphlet form, and, with two additional 
tables, is here appended at uie suggestion of the President of the Commission. 

The report of the results of an investigation of the relation between mean bank 
height and mean high water at and near certain gauge stations below Cairo is also 
appended at General Comstock's instance. 

An extended profile of levee and banks and showing certain water lines, required 
by a Commission resolution of 1885, was nearly completed and has been traced as 
far as made: I thought it desirable to bring this profile to a late date by showing 
upon it the later highest flood and the heights of present levees ; the needed levee 
information has not yet all been obtained. An old plot of the levees of February, 
18-7, on some sets of the inch-mile maps, made for distribution to the members of the 
Commission, was completed, and a plot of the levees of February, 1890, partly added 
thereto, and that part placed on a set of the 20,0(K)-scale charts ; all the required in- 
formation as to the locations of the levees of 1890 is not yet received; the lacking 
Bftrt is soon expected. Copies of the completed profile and the maps showing levee 
nes can promptly be furnished the Commissioners after the last of the levee data is 
received. 

An analysis of the costs of construction and maintenance of certain bank protec- 
tion works, based upon the total expenditures therefor and the amount of effective 
work remaining, has been made, a summary of whose results, with explanations of 
the methods of deriving them, it is expected to lay before the Commission at an 
early time. Examination has also been made to find the costs of United 8tates 
levees by accounting for all the expenditures from levee allotments ; available data 
for determining the average costs per unit are rather meager, and a revision and ex- 
tension of the examination are in view when more information is obtained as to the 
length and dimensions of certain levees. 

A detailed and systematic investigation as to the relation of river-bed to river 
stage and as to the effect of outlets on the bed is well advanced. It is hoped to ob- 
tain results which will be deemed satisfactory because supported by observed facts. 
The enconragement as to outlets, and especially all-stage or nearly all-stage outlets, 
is not so good, since pertinent obiaervations are very limited even after counting some 
old hydrographic plots of the Delta Survey and Coast Survey not heretofore used, it is 
believed, for these measurements. I judge it would be advantageous to have located 
cross* sections of the river below Red River systematically sounded at intervals 
throughout a year or more, making two to four sets of soundings at each section for 
a mean and having two to four sections at mile intervals at each locality and the 
localities taken where crevasses might be expected and then intermediate ones spaced 
all the way to the Head of the Passes. 

Following the spirit of the Commission resolution that the publication of the gauge 
records be continued under the appropriation for the river survey, aU work concern- 
ing water-gauges, river stages, etc., is reported upon in connection with the survey 
operations. 

Mr. J. A. Ockerson, principal assistant in the office, returned to the service of the 
Commission last December. He has been mostly engaged, and it is expected to have 
him so continue, in the study of river physical data and the preparation of the levee 
record, as well as on some survey work. His familiarity with the field operations 
and care and accuracy of work make his assistance of much value. The discharge 
Gompntations were generally made by Assistant Kivas Tally and Messrs. G. H. John- 
son and L. M. Mann, to whom credit is due for care and patience in the work. 

Respectfully submitted. 

CuAS. F. Powell, 
Captain, Carps of JEngineers. 

The Pbksident of thx Commission. 



APPROPRIATIONS. 

For Mississippi River Commission, surveys, examinations, investigations, 
etc., Mississippi River and tributaries : 

ActJune28, 1879 $175,000 

Sundry civil act, June 16,1880 150,000 

Sundry civil act, March 3, 1881 150,000 

Sundry civil act, August 7, 1882 150,000 

Sundry civil act, March 3, 1883 150,000 

775, 000 
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For Missiseippi Birer Commission, assistant engineers, ofOioe expenses, and 
oontingenoies : 

Sundry ciTil act, Jnly 7, 1884 $75,000 

Sundry civil act, Octobers, 1888 35,000 

Deficiency act, October 19, 1888 25,000 

135,000 

For surveys, examinations, and investigations, Mississippi River and tribu- 
taries: 
River and barbor act, July 5, 1884 75,000 

For continuing survey, Mississippi River : 

Biver and harbor act, Augusts, 1886 30,000 

Biver and barbor act, August 11, 1888 75,000 

105,000 

MUaiaHppi lUvm' improvements Hnder theiMiseissippi Biver CammieeUm, 

For river improvements above Cairo, including certain specified harbors and locali- 
ties : • 

Act, July 5, 1884 $720,000 

For river improvement below Cairo: 

Act, March 3, 1881 1,000,000 

Act, January 19, 1884 1,000,000 

Act, Augusts, 188rt 1,531,250 

Act, August 11, 1888 1,850,000 

5,381,250 

For river improvements below Cairo, including certain specified harbors 
and localities : 

Act, Augusts, 1882 4,123,000. 

Act, Jnly 5, 1884 1,150,000 

5,273,000 

For specified localities below Cairo : 

Memphis (act, July 5, 1884) 200,000 

Memphis (act, August 5, 1886) 66,250 

New Orleans (act, August 5, 1886) 75.000 

New Orleans (act, August 11, 1888) 200,000 

Bed and Atchafalaya rivers (act, August 5, 1886) 187, 500 

Bed and Atchafalaya rivers (act, August 11, 1888) 250, 000 

Greenville (act, August 5, 1886) 37,500 

Greenville (act, August 11, 1888) 75,000 

Vicksbnrg (act, August 5, 1886) 75,000 

Vicksburg (act, August 11, 1888) 150,000 

Hickman (act, Augusts, 1886) 18,750 

Hickman (act, August 11, 1888) 70,000 

Columbus (act, Augusts, 18a6) 18,750 

Columbus (act, August 11, 18-8) 25,000 

Lake Bolivar (act, August 11, 1888) 150.000 

Helena (act, August 11, 1888) 75,000 

1,663,750 

'Eight hundred thousand dollars were appropriated by the act of August 2, 1882, 
for expenditure in accordance with the plans, specifications, estimates, and recom* 
mendatious of the Mississippi Biver Commission, but the work was not assigned to 
the supervision of the Commission. 
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Money statement. 

Jnly 1. 1889, amount available $6,829.86 

Apnl 15, 1890, amomit reoeived by transfer of property to other 

appropriation IS78.16 

May 27, 1890. amoont reoeiyed by transter of property to other 

appropriation 116. 64 

394.80 

6,624.66 
Jnne 30, 1890, amount expended dnring fiaoal year, exclnsiye of 

oatetanding liabilities, July 1, 1889 6,508.15 

Outstanding liabilities* 116.50 

6,624.65 



Xtflt of Chilian engineers employed during the year to May 31, 1890, by the Miseieeippi 
Rher Commiesion under sundry civil act of October 2, 188d. 





Time em- 
ployed. 


Compen- 
sation per 
montb. 


Where em- 
ployed. 


Work on which em- 
ployed. 


J.A.OokeraonLStL4miii,lio 


m. d. 

1 15 

2 

3 


$300.00 
175.00 
175.00 


StLonis.-.l 
New^YopkliJ 




KiTM Tnlly, Si. Louis. Mo 


Mlsaifwippi Biver Com- 


X. H. Twining. New York, K.Y 


miMion. 







Cha8. F. Powell, 
Captain Corps of EnglneerSf 
Secretary Mississippi River Commission, 

Appro xb naie vaUue of plant belonging to appropriations for Mississippi River Commis- 
sion and survey oj Mississippi River, 



Ififlsiseippi Slrer Commiuion. 



Item. 



One steam-boat, satrol 

Three lannehes, Noe. 1, 3, and 4. 

Two qoarter-boats 

Three qnarter-boat cabins 

Skiib, etc 

Ontflt 

Tools and appliances 

SnrreyinfC instromenis 

Drawmg instroments 

Office ftimitarB 

Printing presses, etc 

Current meters, and ootfit 



Total. 



Amount. 



$10,000 

3,000 

2,000 

900 

35 

2,825 

575 

12,000 

700 

700 

675 

1,000 



34,400 



Saryey of Mississippi RiTcr. 



Item. 



Thi*ee laanohes, Xos. 5. 8 snd 7 . 

CntTent meters, and outfit 

Outfit 

Tools and appliances 

Offieo instrumeDte 

Type, etc 



Total. 



Amount. 



$5,400 
800 
500 

25 
113 

60 



0,898 



* Does not include salaiies, 1^)625, of civilian members from November 16, 1889, to 
Jane 30, 1890. 
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^ Chart statemmt. 





Miaais- 
alppi 

Blver 
Com. 

miaaion 

alluTiiU 
vaUey 
map. 


Survey of Hiasiaalppi 
Elver. 




Inch' 

mile 

chart, 

Cairo to 

head of 

paases. 


Detaa charts, 

Ca^Slnffdean 
to 

viUe.* 


On hand May 31, 1889 


8et9. 
556 


Set*. 
404 


Sheets. 

17,217 

36.000 

37 


Eeoeived.... 


Sold \ 


28 
45 

482 


319 


Ineued free 


9.980 
43,200 


On hand June 1,1890 





* Seventy-one charts to the set; 64 charts now published. 



COMinCRCIAL STATISTICS. 



Statement of freight carried between St. Louis, Missouri, and New Orleans^ Louisiana, by 
the New Orleans Barge Line, 1868 to December 31, 1889, incluHve, furnished by Mr. H. 
C. Haarstick, president of the St. Louis and Mississippi Valley Transptn'tatian Company. 





Transported down stream. 


Traosported 
up atream. 


Total 


Year. 


Paokaire 
freight. 


Bulk grain. 


Total down 
atream. 


oarrled. 


1868 


Tons, 

85,580 

92,620 

173,980 

136, 774 

202, 430 

116, 119 

117,266 

78,264 

92,255 

85,153 

114,075 

110, 935 

115. 40U 

126, 000 

80,090 

95,424 

117.628 

97,745 

81,717 

87,930 

82,277 

96,608 


ButhOs. 


86,580 
92,620 
173,986 
146,134 
253,760 
167, 309 
159,956 
87,604 
145,476 
208,183 
277,605 
295,866 
588,260 
513,527 
328,411 
412,884 
313,029 
339, 677 
834,696 
417, 191 
310, 137 
615,211 


Tens. 
16,500 
22,800 
58,080 
61,550 
77,792 
83,226 
19.975 
18, 063 
22,619 
11.769 
19.258 
19,682 
24,288 
101. 018 
64,949 
41,066 
25,572 
18.151 
47,651 
78,463 
47, 118 
34,268 


Ttms. 
102,080 
U4,930 
282,066 


1869 




1870 


836,"960" 

1,847,880 
1,482,840 
1,636,840 
832,640 
1,915,920 
4.429,080 
6,887,080 
6, 657, 120 

17,022,960 

12, 933, 000 
8,189,425 

11, 178, 303 
7,093,424 
8,811.487 
9, 215, 361 

11, 563, 979 
8,119,881 

14,999,685 


1871 


207,684 
831,562 
190.636 
179,931 
106,667 


1872 


1873 


1874 


1875 


1876 


168,094 
219,952 
296 863 


1877 


1878 


1879 


316.437 
612.643 
614,545 
393,360 
463,939 


1880 


1881 


1882 

1883 


1884 


336,601 
867 828 


1886 


1886 


882,247 


1887 


496,644 


1888 


867,266 


1889 


649,464 






Total 


2.385,076 


133,568,866 


6» 156. 800 


• 863,207 


7,020,097 





In addition to the above this company report having transported sonthward be- 
tween the years 1B68 and 1877 an average quantity of 15,000 tons of ice per annum, 
and between the years 1878 and 1889 an average quantity of 12,000 tons of ice per 
annum. 

Mr. Haarstick says " in this connection would like to refer to the great difference 
In tonnage in the colnmn of bulk grain in the past ten years. The cause for this is 
short crops in this country wlienever the amount transported falls below 9,000,000 
bushels. The amount we now transport could in my opinion be doubled with almost 
the same plant that this company now owns, if we had an improved river with 10 
feet of water in the channel the year round. Usually when the new crop of wheat is 
sent into the market we are troubled by low water, and by reason of it can only load 
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aboat 40 per oent. of the capacity in each barge, and ip addition to this our boats 
oonaome at least two or three times the time in going from St. Louis to New Orleans ; 
this necessitates the advance of rates of freight, and in consequence lower markets for 
the cereals in oar market.'' 

CuaUnM atatisHcB for the port of New Orleans for 1689. 



Shipping. 


Entrances. 


Clearanoes. 


BeglBtered 
tonnage. 


CoMtwlae 


960 
860 


T<mt. 
248 
846 


Toni. 
772, 0t2 


Fbraign 


1, 833, 218 







Valae of foreifcn imports (Inolades $415,200 z«06ived in oars) $14,740,474 

Valae of foreifni exports 100,000,458 
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REGIMEN ELEMENTS OF THE MISSISSIPPI RIVER, BANK FULL AND ME- 
DIUM STAGES, CAIRO TO THE GULF OF MEXICO. 

[From snrveys by the Miaaiasipni River CommlMion, the Corpa of Bngineera* 17. S. A., and the IT. 8. 
Coaftt and GeodeUo Surrey, 1871-1884. Compiled ander the direction of Prof. Henry Mitchell, mem- 
ber MisaiBidppl BKer Commiaaion, and of the aecrotary of the Ck>mmia8ion, by L. G. Jones, aasistant 
engineer, 1887, with additional tables compiled at the aeorotary's office, 1890.] 

REPORT OF ASSISTANT EN6INSER L. C. JONES ON THE HISTORY OF THE WORK, ETC. 

Work opon the high- water regimen of the Mississippi River was begun in April, 
1681, and the first portion (since revised), from Cairo to Memphis, which was blae- 
printed the following September, was based upon a compilation of cross-section ele- 
ments by Mr. Robert £. McMath, as far as Ashport, Tenn., and the remaining data to 
Memphis compiled by myself from the surveys of Col. J. A. Monroe, and the surveys 
of Plum Point Reach by Mr. W. H. Powlesa. (See supplemental report.) The work 
was then disoontinued till the end of the field season of 1881-^82, and not resumed 
till about May, 1882. It was interrupted each fall and not resumed till the following 
spring, and was also subject to the interruptions consequent to the determination of 
elements of cross-sections, bank-full and medium stage, for each two miles of river. 

The work was completed and plotted to Donaldsonville, La., on July ^8. 1885, where 
the surveys of the Mississippi River Commission met those of the U. S. Coast and 
Geodeiic Sorvey. On August 31, 1885, 1 left St. Louis for Washington, D. C, accord- 
ing to instructions from Capt. Thomas Tuttle, secretary Mississippi River Commission, 
arriving there September 2, and began that day tracing the hydrographic sheets in 
the Coast Survey Office, interpolating soundings from the origihal note-books where 
there was not a sufficient number of them plotted to give a good cross-section. These 
charts, from Donaldsonville to within a couple of miles of the Head of the Passes, 
were on a scale of 1 : 20,000, and were ten in number. The short reach above the 
passes comprised two charts, one on a scale of 1 : 4,800, and the other 1 : 10,000. 
There were five charts covering the passes, viz; Southwest Pass, two, scale 1 :.4,800; 
South Pass, two, scale 1 : 4,800; Pass k TOutre, one, scale 1 : 20,000. This latter pass 
is considered as the main river on the plot, and the elements of oross*section, etc., 
considered only as far as the head of East Pass. 

These tracings completed, I returned to St. Louis, arriving on Friday evening, Sep- 
tember 25, 1885, and the next day commenced the measurements necessary. The 
cross-sections had first to be increased to a width equal to a scale of 1 : 10,000, and 
then the profiles plotted, etc., the work being completed January 26, 1886. 

DESCRIPTION OF PLOT. 

The High Water Reffimenof the Mississippi River is intended to show the relations 
which the elements of cross-sections bear to each other. 

To illustrate these the river has been divided into sections of various lengths, at- 
tention being paid to islands and their accompanying chutes, it being always the 
plan to make a section begin at the head and end at tne foot of a chute, where one 
of any appreciable magnitude exists. In all other instances it has been the rule to 
divide the river into bends and half-bends, at the point of crossing, or reversion of 
curvature. The plot shows the mean area, mean width, mean depth, mean thalweg 
<lepth, by which is meant a channel having a width of five hundred feet, mean maxiT 
mum depth ; curvature in ratio of arc and chord, and in degrees per mile ; slope per 
mile ; and oscillation for each section of the river. The ra^an of each element of each 
section is plotted on the same ordinate, which is that drawn through a point equal to 
the distance, in feet, of the middle of the section below Cairo. All values relate to a 
bank-full stage. Each value jplotted is the arithmetical mean of all observations of 
each element of cross-section m the section of the same number in the sketch of the 
river. 
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The following table gives the distances between cross -see tions, etc.: 



Locality. 


Distance. 


Surveyed by. 


Dato. 


BetwAAn Cairo imd AflbDOr^ -- 


One-half mile 

One-fltthmUe 

One-half mile .... 
One-fonrthmile... 
. .do 


Col. J. A. Monroe 


1879 




Mr. W. H. Powless 


1880 




CoL J. A. Monroe 


1879>*80 


Between Memphis and Commerce 


Gen. C. B. Comstock 

Mr. J. A. Ockerson 


1877-'7» 
1880 


Between Aniitin and Delta 


....do 


...do 


1878 


RAtf^AAn Df^ltii ATiil ArlrikTiAiiJi Pitv. 


<lo 


.. do 


1881-82 


Between Arkansas City and Greenville. 
BfttwApn OrMmvillfi and iLalce Providence 


One-flffh mile .. 
One-third mile.... 
One-fourth mile... 

....do 


....do 


1881 


Mr. G. T. Wisner 


1881-'82 


BAtwAen Labn Providence and Paw-Paw 


Mr. CM. WinobcU 


. 1882 


Island. 
Between Paw Paw Island and Big Bayon 
Boi^we^n Bier Bavon and batches 


Mr. J. A. Ockerson 


1881 


do 


Mr. L. L. Wheeler 


1882-*8S 


Between Xatchez and Bavon Snra. 


. do 


Mr. J. A. Ockerson 


1882-'88 


Between Bayon Sara and Donaldsvllle.. 
Between Donaldsville and Gulf of Mex- 
ico. 


....do 

...do 


Mr.C. M. Winohell 

U. S. Coast and Geodetic 
Survey. 


1883 
1871-'7» 



Horizontal distances were measured on a line midway between banks and plotted 
to a scale of 50,000 feet= I inch. Fnll lines in elements of cross-sections show 
values for main channel alone. Broken linesi and broken and dotted lines, in area, 
width, and mean depth, show respectively the main channel and principal side chan- 
nel combined, and ail channels combined. 

Mean maximum depth is represented by a dotted line. The curvature in ratio ie 
expressed by a fnll line terminating in the symbol A* ^.nd the curvature in degrees 
per mile, which has the same origin as the former, is expressed, when exceeding the 
ratio, by a broken line beyond the ratio symbol, and ending in the symbol X , and 
when less than the ratio, simply by the symbol x crossing the fnll line. 

Slope per mile is expressed by simple full lines, and where it conflicts with the 
oscillation the origin of the slope ordinate is denoted by a short line drawn at right 
angles to it. 

Oscillation is denoted by full lines, which are out at the upper end by a sloping 
line dtawn between the gauge points, that are used to determine the oscillation. 

When the oscillation ordinates extend beyond the slope or dinates, the origin of the 
slope ordinate is marked by a short line at right angles to itself, and terminated by 
a small circle, and the oscillation ordinate continued in a broken line to its contact 
with the sloping line drawn between the gauges. 

The sketch of the river on the plot is not drawn to scale bnt traced from the 
Levee Map, by Messrs. Molitor <& Craig, and has been broken and shortened in several 
places, in order to make the numbered sections correspond as nearly as practicable 
with the ordinates of mean elements. 

The sketch was broken at sections Nos. 138 and 107, and swung to the right. The 
index sheets drawn in the sketch refer to the inch-to-the-mile charts by Mr. Molitor. 
At section No. 135, the line representing the mean width was broken and raised, in 
order to prevent oonfusion with the thalweg line, which it would have crossed at 
several points if left undisturbed. 

The base of the areas is taken at 180,000 square feet, and plotted to a scale of 
60,000 square feet = 1 inch. 

The base of widths is taken at 4,000 feet, and plotted to a scale of 1,200 feet = 1 
inch. 

Mean depth, mean thalweg depth, and mean maximum depth, are all plotted from 
the same base = 0, and are i)lotted to a scale of 30 feet = 1 inch. 

Curvature in ratio and degrees per mile are referred to the same base = 0. In the 
scale of the former, .3 = 1 inch, and in the scale of the latter, 6^ = 1 inch. 

Slope per mile is plotted to a scale of .3 feet = I inch, and begins at (0) zero. 

Oscillation is referred to that at Memphis = 36.1 feet, and is plotted to a scale of 
6 feet = 1 inch. At Baton Eouge and Carrollton the plane of reference is lowered 
to 11 feet and feet, respectively. 



METHODS OP OBTAINING RESULTS. 

The cross-seotions used were those plotted on the office charts, scale 1 : 10,000, of 
which tracings on linen were made, and the soundings thereon reduced to a bank* 
full stage. All cross-sections were plotted to a horizontal scale of 1 : 10,000, and a 
vertical scale of 30 feet = 1 inch. Each cross-section was then cs^refolly measured 
and checked with a planimeter, which gave the area. 
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The width, thalweg depth , and maximnm depth of each croBS-seotion were sealed 
off, and the mean depth obtained by dividing the area by the width. 

The reenlts of the meaaurements of these elements were tabulated in regular order, 
showing the valne of each element in each cross- sec tion. To obtain the values plotted, 
all the cross- sections within the limits of each section of river were grouped together, 
their individual elements summed, and a mean taken, which gave mean area, mean 
width, etc., for each section of river. This applies only to elements of cross-section, 
t. e.^area, width, mean depth, thalweg depth and maximum depth. 

Mean slope was determined from the table of slopes, high water 1882, Mississippi 
River Commission records. (Report Mississippi River Commihsion, 1885, pages '^907- 
2912^ inclusive.) The slopes per mile between points within the limits of a section 
of nver were taken, and total slope fot the section computed. This result being 
divided by the total number of miles in the section, gave the slope per mile for that 
section. 

Curvature in ratio was obtained by. measuring the distance in thousand feet chords 
along the mid-bank line between the extremities of each section, and dividing the 
distance thus obtained by the length of chord or straight line joining these extrem- 
ities. 

Curvature in degrees per mile was obtained by drawing circular carves, compound- 
ing or reversing them as necessary, carrying the line ot curvature as nearly as pos- 
sible along the mid-axis of the stream, without producing confusion by too many com- 
binations of curves. The number of degrees of departure in a isection were summed, 
and the result divided by the number of miles in the section, measured in thousand 
feet chords, along the line of curvature. The quotient thu8 obtained was the curva- 
ture in degrees per mile for that section. 

The carves and distances were plotted and measured on a set of the small office 
charta, scale 1:63,360. 

Oscillation was determined by taking the difiereuces between the highest and low- 
est known readings on the reliable gauges. They are to be found in the Chief En- 
gineer's Report, 1881, Part II, p. 1439, the high water readings of 1882-'83-'84, which 
at some of the ^uages are the highest known, from the Mississippi River Commission 
records. (Mississippi River Commission Report, 1885, pages 2909-2915, inclusive. ) In 
plotting the elements of the passes. Pass ^ Loutre was considered the main branch, 
and the other two were treated in'regard to area, width, and mean depth, as though 
they were chutes. The maximum depth, thalweg, and curvature, both in ratio and 
degrees per mile, of all three passes, arc plotted Heparately, Pass i Loutre, however, 
being considered only as far as the head of East Pass, and the ordinate for the mean 
distance for the section plotted as the distance measured to that point. The right 
line represents Pass ^ Loutre, and Southwest Pass and South Pass are respectively 
represented by a broken line, and a broken and dotted line. Slope was carried only 
to CarroUton, there being no levels below that point. 
Respectfully, 

L. C. JONBS, 

Assittiant 



8UPPLEMBNTAL BBPOBT OF ASSISTANT ENODnSSR L. C. JONES. 

On August 9, 1886, 1 received orders from Capt. Thomas Turtle, secretary Missis- 
sippi River Commission, to revise the work of the High Water Regimen of the Mis- 
sissippi River between Cairo and Memphis, and Commerce Cut-off, St. Louis Landing, 
Ark. 

The methods employed in the determination of values are the same as used in the 
original work, but the data used were the surveys of Assistants J. A. Ockerson, L. 
L. Wheeler, and C. M. Winch ell, which were made in 1883-'84-'85. In these surveys 
the cross-sections were taken at an average of every one- fourth mile, and frequently 
as many as ^re were taken in that distance. 

The work has been replotted, and the origin of distance is the United States 
gauge at Cairo, and the mean of each element in each section is plotted on the same 
ordinate, yhich is that drawn through a point equal to the distance in miles of 
the middle of the section below the gauge at Cairo. 

L. C. Jones, 

A9$i8tant, 

Mat 31, 1887. 



BNG 90 196 
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Gauge-readings reUiiing to the meane in the following tckblee. 



(Pangea. 






Eleva. 

tionof 

gauge 
seros 
above 
Cairo 

dainm. 



Slope 
pep 

mile 
between 
gaagea. 



Oange readings. 



High 

water of 

1882. 



Low 

water of 

1882. 



Hedinm 
stage.*' 



Bank. 

faU 

stage. 



Extreme 
osdUa- 

tlon« 
187^18901 



Cslro 

Colnmbas 

New Madrid 

Cottonwood Point . 

Memphis ..'. 

Mhoon's Landing.. 

Helena 

White River 

Arkansas City 

Lake Providence .. 

Yicksbnrg 

St. Joseph 

Natchez 

Bed Biver Landing 

PortHiokey 

Baton Kooge 

Plaqnemine 

College Point 

-CarroUton 

Gulf Level 



JTOm. 

0.0 

21.8 

47.8 

63.7 

107.2 
46.9 
80.6 
86.7 
45.1 

104.0 
57.0 
61.0 
51.8 
65.0 
44.7 
23.3 
20.2 
49.5 
54.0 

102.6 



Feet 

290.84 

229.14 

276.04 

250.62 

203.97 

181.48 

161.98 

128.73 

116.47 

89.62 

66.04 

52.74 

86.80 

23.85 

18.68 

20.06 

21.06 

21.24 

20.91 



Feet. 



0.27 

0.83 

0.61 

0.45 

0.44 

0.47 

0.37 

0.32 

0.31 

0.31 

0.30 

0.26 

0.20 

0.14 

0.21 

0.18 

0.092 

0.096 

0.007 



Feet 
61.87 

102. 77 
4L33 
87.50 
85.15 
39.80 
47.20 
48.40 
47.07 
8&32 
4&75 
44.90 
47.75 
48.50 
47.90 
8Su96 
31.30 
23.13 
14.05 



Feet. 
7.80 

67.26 
3.70 
3.60 
3.50 
5.90 
8.60 
9.70 
7.50 
5.90 
7.60 
7.80 
9.70 
9.10 

17.00 
6.18 
3.80 
2.48 
LOO 



Feet 
29.68 
85.02 
22.51 
20.55 
19.33 
22.86 
27.90 
20.05 
27.28 
22.11 
28.17 
26.35 
28.72 
28.80 
82.45 
21.06 
17.55 
12.80 
7.05 



Feet. 

38.20 

04.00 

33.00 

86.00 

3L1 

84.7 

4.3.6 

44.4 

41.8 

86.5 

44.1 

40.4 

36.3 

86.3 

44.4 

33.0 

28.0 

20.4 

ao 



Feet 
68.17 



36.26 



48.80 

4a 40 



48.25 
58.01 



47.76 
4a 60 



86.06 



17.80 



*Mean of high and low water of 1882. - 
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Mean regimen elements of the Mississippi iJirer, hank-full stage; Cairo to the Head of the 

Passes, 



From— 


To- 


5 • 


Hi 


2 

a 

3 


t 

1 


k 

r 


i 
a 


El 

1^ 


Cairo 


New Madrid 

Plum Point 

Mfluiphiff 


Miles. 
65.3 
160.8 
231.0 
302.2 
398.3 
476.8 
538.0 
599.4 
698.5 
769.6 
831.7 
967.9 

1, 057. 6 


'J II -22 

I'h... 745 
];.i>. -94 
3'ir;, >31 

]«:■<:, HOI 
JiJ-, 720 
;!.'4/.i54 
•j :.. :56 
1:3-, 192 
I'|'mj60 
3.-:^ i89 
y'\, 155 


Feet 
5.512 
5,712 
5,682 
5, 876 
4,563 
4,555 
4,758 
4.675 
4,526 
4,030 
3,260 
2,605 
2.628 


Feet. 
55.5 
50.2 
60.0 
.37.6 
55.4 
.53.1 
61.5 
58.0 
40.0 
56.1 
66.5 
72.4 
64.4 


Feet. 
66.4 
61.8 
66.1 
57.5 
74.3 
81.2 
73.8 
81.6 
85.0 
92.0 
100.3 
101.5 
90.3 


Feet. 

75.0 

67.7 

73.9 

63.2 

81.2 

86.1 

81.6 

85.6 

91.7 

101.3 

114.6 

116.9 

101.8 


o t 
21 32 


New Madrid 

Phun Points, .^w 


24 34 
26 33 


HempMs 


Helena 


28 07 


Heleoa 


Arkansas River .. 

Greenville 

Lake Providence . 

Vicksbnrg 

Natches.. 


24 44 


Arkanwaii River . . . 

Greenville 

Lake Providence.. 
Tieksborg 


27 04 
22 01 
26 06 
31 16 


Natches.. 


Red River 

Baton Ronge 

New Orleans 

Head of Passes ... 


26 41 


Ited Hirer 


28 23 


Baton Roage 

New Orleans 


29 81 
20 15 



APDinONAL REPORT OF ASSISTANT ENGINEER L. C. JONES. 



Captain: I have the honor to sabmit herewith my report upon the ''table of 
means," which was began in Febrnary^ 1884, in accordance with instractions from 
Lieot. Smith S. Leach, who famished me with the following resolution of the com- 
mittee on sarveys and examinations, November 19, 1883 : 

"That the secretary famish for the use of the committee a table showing the 
mean width, mean depth, and mean channel depths for each 2 miles of river at a 
medium stage of water. " 

The stage of water selected by me was that of mean stage for the year 1882, there 
being fall data at all the principal gauges. 

From the data I obtained the general slope per mile at medium stage between 
ganges, and could by this means compute the elevation of mean stage for any given 
section. 

Having already computed and plotted the cross-sections for bank-full stage for the 
" high- water regimen, " the cross- sections at medium stage could be determined by 
simple subtraction. 

When the work had been finished to Memphis I received orders to extend the 
"table of means" by showing the s^nie elements of cross-sections at a bank-full 
sta^. and in this portion of the work used the cross-sections as measured for the 
" high-water regimen. " 

Theplanimeter was used to measure the cross-section area, which, divided by the 
width, gave the mean depth. The width and channel depth were measured with a 
scale. 

The river was divided into 2-mile divisions, the upper end of the first division being 
2 miles below Cairo, the origin of distance. 

The means of the three elements, in all the cross- sections embraced in each 2 miles, 
were taken, and are the yalues given in the tabulation. New values for the means 
were obtained from the new sarveys, and extend from Cairo to Old Hen Island from 
Commerce Cut-ofif to St. Louis Landing, Arkansas. 
Very respectfully, your obedient servant, 

L. C. Jones, 
Assistant Engineer, 

To Capt. Thomas Tttrtle, 
Corps of Engineers, TJ, 8. A,, 

Secretary Mississippi River Commission, 
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Mean widik$, mean depthSy and means of maximum depths of 2-mile seoUons of main rivar 
from Cairo f Illinois, to Head of Fosses. 







Medimn stage. 


Baak.follatafEe. 


Ko. of Motton. 


DiBtaace 
from 
Cairo. 


liean 
width. 


Mean 
depth. 


Mean of 

maxlmani 

depth. 


Men 
width. 


Mean 
depth. 


Maaiiof 

QkAzininn 

depth. 


1 


JfOw. 


iwe. 


FeeL 


FMt. 


Feet. 


FtsL 


FstL 


2 
















8 
















4 
















5 


10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

84 

86 

88 

40 

42 

44 

46 

48 

60 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

72 

74 

76 

78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

98 

100 

102 

104 

106 

108 

110 

112 

114 

116 

118 

120 

182 

124 

126 

128 

130 

182 

134 

186 

188 

140 

142 

144 

146 


4.707 
4,380 
5,138 
3.968 
3,518 
2.094 
6.008 
4.221 
4.281 
4,508 
5.996 
4.789 
4.846 
2.800 
4.522 
4.788 
4.688 
4,301 
4,289 
2,983 
4,043 
5.843 
4.920 
4,646 
7,170 
5.058 
4,819 
4.431 
5,060 
5,694 
4.932 
6.779 
6,828 
7,061 
7 319 
4,583 
4,271 
6.657 
4,294 
5,011 
4,080 
3.106 
4.018 
6.290 
4.828 
4,611 
4,898 
8,290 

8,998 
4,621 
5^683 
5,092 
3,878 
6.173 
2,610 
4.996 
4,858 
8.705 
4.404 
4,785 
3.970 
4.060 
3,577 
3.232 
4.160 
3,002 
4,016 
8,075 


29.8 
80.1 
22.9 
81.8 
38.7 
61.3 
26.2 
30.6 
27.9 
32.1 
26.8 
31.2 
2&2 
49.8 
87.2 
82.7 
31.3 
3a8 
26.9 
40.2 
85w4 
28.6 
8L9 
31.1 
22.5 
28.6 
28.6 
28.4 
29.1 
25.2 
25.7 
27.7 
24.5 
21.4 
24.2 
29.1 
82.1 
25.5 
29.6 
28.2 
29.1 
87.8 
342 
25.8 
27.0 
29.1 
29.4 
83.9 
40.8 
83.2 
80.2 
25.6 
26.8 
82.0 
26.9 
2a2 

2ao 

22.5 
29.9 
26.9 
26.1 
29.6 
80.0 
28.6 
36.6 
24.6 
34.9 
■ ?7.8 
28.8 


69.1 
68.8 
73.2 
63.1 
66.2 
101.4 
62.2 
68.0 
46.4 
48.3 
62.2 
63.8 
94.9 
81.9 
66.8 
62.2 
65.6 
66.8 
74.8 
72.9 
67.4 
44.8 
64.3 
64.5 
4&5 
56.6 
66.6 
66.9 
6L9 
53.6 
66.8 
42.7 
47.0 
89.8 
47.0 
78.8 
64.8 
46u8 
66.6 
60.7 
65l6 
70.6 
66.0 
5&4 
56l6 
51.8 
60.4 
76l3 
70.8 
60.7 
47.3 
43.7 
55.2 
58.8 
46.1 
60.8 
48.4 
68.0 
47.8 
86.6 
46.5 
52.1 
57.8 
64.4 
56.7 
63.1 
63.6 
46.9 , 
55.8 


4.826 
4.674 
7,257 
4,161 
3.666 
2,830 
6,110 
4,863 
4,577 
4,765 
6,172 
6.274 
4,944 
3,625 
4,609 
4800 
4,768 
4,404 
4,478 
3 074 
4.094 
6,794 
6.063 
4.841 
9,796 
7 280 
5,647 
6^788 
6.834 
6.620 
6,C46 
6,057 
^9e8 
7.748 
7,499 
6.847 
4,849 
6.878 
4,711 

7^660 
6^108 
4:678 
6,397 
6,837 
4,804 
4,606 
6,096 
4,975 
4,129 
4,579 
5,694 
6,166 
8,965 
6,139 
8,207 
6.100 
6,644 
8,990 
4.466 
4,942 
4,272 
6,067 
5,709 
8,904 
4,864 
4,020 
4,141 
4,006 


42.2 
40.6 
80.1 
44.5 
60.6 
71.4 
89.0 
42.7 
89.5 
42.3 
37.6 
40.4 
40.9 
60.9 
48.7 
48.8 
48.1 
43.7 
87.6 
49.7 
46.2 
41.0 
42.8 
42.8 
S8.9 
8L2 
87.5 
89.8 
88.5 
83.2 
80L4 
37.4 
38.2 
34.7 
88.7 
87.4 
44.5 
41.5 
4L6 
85.8 
80.1 
82.6 
42.6 
40.6 
40.6 
48.6 
43.1 
8L5 
8&2 
45.0 
42.8 
89.6 
40.5 
46.5 
41.7 
41.9 
48.5 
35.2 
45.2 
* 48.6 
40l7 
43.6 
4L0 
32.6 
45.8 
85.6 
40.4 
44.8 
88.4 


70. S 


6 


7L7 


7 


86.9 


8 


76.9 


9 


60.2 


10 


115.0 


11 


75w2 


12 


66wO 


18 


59.8 


14 


59.4 


15 


74.3 


16 


75.0 


17 


106.2 


18 


94.0 


19 


62.6 


20 


74.6 


21 


65.4 


22 


69.6 


23 


86.0 


24 


83.8 


25 


68.7 


26 


66L6 


27 


76.2 


28 


7116 


29 


6L1 


80 


68LO 


81 : 


67.3 


32 


77.9 


88 


6L6 


34 


68.9 


85 


77.8 


86 


55.1 


87 


60.5 


88 


58.7 


89 


68.4 


40 


89.5 


41 


70.9 


42 


68.3 


43 


7L1 


44 


64.1 


45 


88.1 


46 


88.8 


47 


78.0 


48 


78.3 


49 


70.3 


60 


65.7 


51 


69.9 


62 


89.4 


53 


64.0 


54 


62.4 


55 


59.9 


56 


57 5 


67 


68.7 


58 


72.8 


59 


60 3 


60 


68.9 


61 


60.2 


62 


09.1 


63 ;.... 


64.8 


64 


62.8 


65 


62 2 


66 


67.6 


67 


78.3 


68 


79 8 


69 


71.8 


70 


19.1 


71 


78.3 


72 


62.8 


78 


7L8 
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Mean widths, mean depths, and means of maximum depths of 2-mile seotions of main river 
from Cairo, lUimois, to Head of Passes — Continued. 



No. of aeotion. 





Medium stago. 


Bank.fnll stage. 


Bistaaoe 


























from 
Cairo. 


Mean 
width 


Mean 
depth. 


Mean of 

maximum 

depth. 


Mean 
width. 


Mean 
depth. 


Mean of 

maximum 

depth. 


JfOtf. 


FMt. 


FeeL 


lUL 


Feet 


Fe€t. 


Feet. 


148 


4,380 


24.1 


60.0 


4,060 


37.6 


65.9 


150 


2.611 


31.2 


66.1 


4,286 


81.6 


70.9 


152 


4,312 


24.7 


50.6 


5,306 


34.7 


64.9 


154 


3,913 


27.1 


61.0 


4.019 


41.6 


66.0 


168 


6.142 


24.8 


38.4 


5,859 


38.4 


53.2 


158 


6.149 


17.0 


40.1 


8.107 


29.0 


65.1 


leo 


^971 


20.3 


88.7 


6.786 


83.4 


68.7 


162 


6.726 


19.6 


44.7 


7,710 


82.1 


50.8 


164 


5,802 


24.0 


42.8 


4.826 


43.1 


50.0 


166 


7,924 


17.9 


84.8 


7.101 


31.8 


50.1 


168 


4.896 


26.4 


40.0 


6,864 


33.6 


66.8 


170 


4,164 


31.6 


40.4 


6.020 


30.2 


6&1 


172 


2,959 


47.4 


84.3 


8.863 


60.4 


101.0 


174 


?651 


46.0 


60.8 


2.813 


60.7 


77.8 


176 


4.688 


20.8 


88.1 


6,044 


43.8 


65.8 


178 


6,033 


24.8 


40.7 


6.026 


42.2 


67.6 


180 


4,948 


26.1 


46.7 


6.046 


43.8 


63.7 


182 


8.701 


87.4 


84.0 


4.037 


61.1 


10L6 


184 


2.835 


55.2 


80.4 


2,630 


60.8 


107.6 


186 


8,264 


27.9 


61.3 


8.081 


40.0 


78.4 


188 


4,180 


22.0 


40.8 


4,376 


87.2 


64.6 


100 


4.693 


18.6 


51 5 


6.454 


82.6 


67.6 


192 


2,993 


28.3 


51.2 


4.248 


84.7 


67.8 


194 


8,880 


26.0 


45.1 


3.653 


42.8 


62.1 


106 


3,703 


29.4 


53.6 


4.218 


44.2 


72.2 


198 


4,602 


26.6 


52.9 


4.713 


45.1 


7L6 


200 


4.693 


25.2 


68.4 


6,548 


88.5 


75.8 


202 


8.266 


31.9 


62.3 


3.008 


41.8 


77.8 


204 


3,067 


29.2 


67.6 


8.722 


40.1 


73.7 


206 


4.100 


25.1 


42.6 


4.245 


40.6 


58.4 


208 


1.071 


51.6 


80.2 


2,007 


64.1 


00.8 


210 


3. .586 


38.4 


7T.8 


4.084 


47.5 


84.2 


212 


6,519 


17.1 


41.7 


6,872 


80.1 


56.8 


214 


5,313 


21.6 


46.0 


6,007 


81.8 


60.9 


216 


2,986 


28.8 


54.1 


6,638 


26.2 


69.3 


218 


3,873 


27.0 


55.2 


4.862 


35.8 


71.0 


220 


4.089 


28.2 


60.8 


4.200 


43.0 


66.6 


222 


4,836 


24.8 


60.6 


6,686 


36.1 


75.4 


224 


4,086 


32.4 


68.0 


4.540 


* 41.8 


62.0 


226 


3,278 


36.6 


61.0 


4,750 


34.1 


76.8 


228 


2.650 


4L0 


60.2 


3.285 


45.7 


70.2 


230 


2,793 


38.0 


79.3 


2,995 


44.7 


88.0 


232 


4,010 


27.4 


46.3 


4,327 


83.0 


66.8 


234 


3,553 


17.4 


38.7 


5,540 


23.6 


51.0 


236 


4.127 


16u8 


36.8 


4.950 


26.2 


48.8 


238 


8.653 


20i2 


38.0 


8,800 


82.5 


60.6 


240 


4.912 


22.2 


39.0 


6.192 


36.0 


51.6 


242 


6.397 


23.0 


40.7 


6.467 


87.8 


62.8 


244 


4,930 


23.7 


41.7 


6,078 


36.1 


63.8 


246 


4,278 


27.8 


46.6 


4.962 


36.1 


60.2 


248 


4.667 


2L8 


47.0 


6,410 


20.6 


60.8 


250 


2,470 


3J.0 


46.8 


3,666 


87.0 


61.9 


252 


8,408 


29.0 


43.0 


8.655 


43.1 


• 58.7 


254 


8.137 


20.2 


87.3 


6.318 


85.0 


63.8 


256 


3,673 


24»2 


87.7 


4.123 


82.8 


50.0 


258 


4,698 


24.8 


86.8 


6,006 


86.2 


48.8 


260 


5780 


20.0 


83.0 


8.963 


32.5 


46.7 


262 


8.738 


22.0 


83.0 


4,737 


27.9 


m.1 


264 


8.803 


21.6 


82.0 


6.383 


25.6 


42.1 


266 


8.807 


20.2 


32.0 


6.887 


26.4 


43.4 


268 


6,007 


22.4 


86.7 


6,177 


80.1 


49.0 


270 


6,447 


21.2 


62.0 


7,220 


81.4 


64.2 


272 


6.647 


21.6 


67.7 


8,253 


24.7 


67.7 


274 


4.000 


32.2 


66.6 


5,140 


37.1 


79.4 


276 


3,922 


26.1 


60.8 


8,840 


24.0 


83.7 


278 


4)110 


27.8 


. 62.6 


6,002 


33.6 


67.2 


280 


8,781 


81.1 


60.8 


4.204 


80.6 


78.0 


282 


5,286 


25.8 


51.0 


5.508 


87.7 


64.0 


284 


4,881 


28.6 


62.6 


4,812 


sas 


76.6 


286 


2.999 


86.7 


71.6 


4.830 


38.6 


85.4 


288 


6,011 


23.1 


47.0 


6.640 


35.4 


6L0 


290 


8^866 


20.2 


61.8 


4.703 


39.2 


76.2 


292 


6,730 


26.9 


62.0 


5,783 


4L9 


66.8 



74 

75 

76 

77 

78 

79 

80 

81. 

88 

83 

84 

85. 

80. 

87 

88. 

89 

80. 

91. 

92. 

98. 

04. 

96. 

96 

97. 

98 

99 

100 

101 

102 

108 

104 

105 

100 

107 

108 

109 

110 

Hi 

113 
114 
115 
U6 
117 
118 
110 
120 
121 
122 
123 
124 
125 
126 
127 
128 
120 
190 
131 
132 
133 
134 
136 
136 
187. 
188. 
130. 
140. 
141. 
142. 
143. 
144. 
145.. 
146.. 
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Jftfon widtlut mean depths j and means of maximum depths of 2^mile sectUms of maim river 
from CairOf lllinoiSf to Head of PoMes— Continaed. 





TU-*«-,^»» 


Modtam stage. 


Bank-flUlatace. 


No. of Motion. 


from 
Cairo. 


Meui 
width. 


Mean 
depiiu 


Keuiof 

maximum 

depth. 


Mean 
width. 


liean 
depth. 


Mean of 
dept^ 


147 


MUei. 
204 
286 
208 
300 
802 
304 
806 
308 
810 
312 
314 
316 
818 
820 
822 
824 
826 
328 
830 
832 
834 
336 
338 
840 
842 
344 
346 
348 
WO 
852 
854 

858 
360 
862 
364 
866 
368 
370 
372 
374 
376 
378 
380 
382 
384 
386 
388 
300 
302 
894 
306 
808 
400 
402 
404 
406 
408 
410 
412 
414 
416 
418 
420 
422 
424 
426 
428 
430 
432 
434 
436 
438 
440 


Feet 
6,806 
41667 
4,272 
4,884 
7.680 
4,061 
4,653 
4,820 
8,806 
6,418 
3,158 
6.084 
3,884 
8,615 
8,241 
2.820 
8,162 
4,246 
6,476 
3,421 
4,486 
8,050 
8,308 
8,636 
4.087 
8.677 
2,077 
8,187 
4,488 
8,'5S8 
2,008 
8.140 
4,188 
5.430 
2.680 
2,452 
3.756 
4.002 
8,510 
2,514 
3,324 
3,548 
4,104 
2,818 
4,300 
4,403 
2,715 
2,035 
4,572 
8.407 
2,612 
8,410 
3.898 
3,158 
8,432 
8,830 
8,410 
2,154 
2,084 
4,015 
3,788 
2,407 
8,697 
4,848 
4,256 
5,280 
8,272 
8,040 
8,000 
4,267 
5.845 
8.496 
3,458 
2.578 


Feet 
20.4 

2ai 

82.8 
84.8 
10.8 
38.8 
20.6 
27.8 
37.0 
25.8 
42.0 
80.7 
85.2 
89.2 
87.6 
41.6 
87.2 
28.8 
19.1 
82.6 
80.8 
80.6 
36.8 
82.8 
20.7 
82.7 
86.6 
86.6 
26.6 
28.1 
84.0 
80.3 
82.2 
25.8 
24,1 
80.1 
33^6 
28.7 
82.1 
47.5 
84.4 
88.1 
28.2 
41.2 
20.6 
28.6 
38.4 
42.2 
28.4 
87.6 
46.8 
40.4 
88.4 
42.1 
86.4 
40.8 
48.0 
55.4 
41.7 
83.4 
20.3 
47.8 
88.8 
20.2 
88.1 
26.6 
88.3 
43.6 
44.3 
84.4 
26.4 
43.8 
47.7 
5L4 


Feet 
52.8 
60.5 
66.8 
54.8 
58.4 
78.7 
61.5 
60.0 
63.8 
61.6 
84.2 
52.0 
74.1 
62.9 
71.7 
95.2 
83.3 
55.8 
66.4 
66.0 
56.6 
60.7 
75.0 
73.8 
65.5 
78.0 
74.6 
56.8 
65.2 
63.8 
70.0 
61.0 
58.6 
51.4 
63.2 
67.2 
51.4 
55.8 
60.0 
00.4 
86.0 
65.0 
72.6 
68.6 
60.4 
53.6 
70.2 
50.5 
64.0 
60.5 
86.0 
64.5 
65.0 
70.2 
67.6 
70.2 
03.2 
09.6 
66.8 
55.5 
54.4 
89.8 
62.0 
65.7 
70.8 
80.6 
86.2 
02.8 
60.2 
54.8 
48.5 
77.2 
80.6 
96.0 


FetL 

7.822 
6,248 
4^496 
4,586 
9,256 
6^887 
4,865 
5,417 
4,629 
7^898 
4,176 
5,185 
4,154 
8,836 
3,528 
8,619 
3,518 
4,802 
6,087 
3,700 
4,680 
4,070 
8,671 
4,171 
6,027 
6,234 
4,454 
3,225 
4.544 
8,800 
8,110 
8 188 
4,282 
5,104 
8.892 
2.716 
3,818 
4.088 
3,658 
2,802 
8,816 
3,888 
6,010 
3,364 
4.836 
4,025 
3,118 
8,042 
4.704 
3,808 
8,662 
8,000 
4,415 
8,282 
8,675 
4,032 

3.oa 

3,006 
8,674 
4,162 
5,004 
4,007 
8,882 
6,818 
4,282 
5,932 
8,966 
8.802 
3.822 
4.660 
7,862 
3.604 
8,610 
8»e87 


Feet 
84.4 
85.8 
47.6 
60.7 
82.0 
42.0 
45.1 
4a7 
46.4 
85.2 
45.8 
4&1 
45.8 
40.1 
48.2 
45.4 
45.4 
42.6 
8L2 
43.9 
44.1 
43.7 
49.2 
4L4 
87.8 
32.8 
36.6 
4&4 
85.8 
37.4 
44.4 
51.7 
44.9 
87.6 
89.2 
52.0 
48.3 
44.3 
43.0 
53.7 
43.7 
40.5 
36.2 
40.7 
40.6 
89.7 
.46w7 
54.2 
42.5 
47.0 
47.7 
50.0 
47.2 
54.5 
45.4 
44.5 
56.4 
42.1 
47.4 
4a 1 
33.3 
40.1 
51.1 
3a 9 
47.1 
87.6 
45.5 
55.1 
56.8 
47.0 

• 82.8 
55.0 
60.6 
69.7 


FeeL 
68.2 


148 


74.6 


140 


84.5 


160 


70.0 


151 


7S.8 


152 


83.6 


158 


77.0 


154 


7^2 


156 


71.6 


156 


8S.0 


157 


108.8 


166 


68.3 


150 


76L6 


160 


76.0 


161 


84.0 


162 


107.7 


168 


95.8 


164 


89.1 


165 


79.8 


166 


7a 1 


167 


89.9 


168... 

160 


74.7 
88.9 


170 


86.8 


171 


78.6 


172. 


89.9 


178 


sai 


174 


87.7 


175 


75.6 


176 


75.0 


177 


81.9 


178 


73-8 


170 


87.0 


180 


84.8 


181 


7a 


182 


80.8 


183 


66.4 


184 


72,1 


185 


82.3 


186 


103.9 


187 


100.1 


188 


80.4 


180 


00.8 


100 


83.8 


101 


64.2 


102 


86.8 


103 


93.5 


104 


74.0 


105 


79.1 


106 


84.5 


107 ' 


101.5 


108.., 


80.7 


100.. 


80.8 


200 


83. S 


201 


81.2 


202 


95.0 


203 


108.5 


204 


114.1 


205 


80.1 


206 


70.5 


207 


68.0 


208 


102.6 


200 


75.4 


210 


7a8 


211 


85.9 


212 


104.7 


218 


ioa7 


214 


107.8 


215 


85.6 


216 


68.5 


217 


58.4 


218 


92.9 


210 


9a9 


210.... 


m.o 
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MmmwkUktj mmm depHu^ and meawa ofmaxtmwn dwths of ^Z-mile moImhm of main river 
frotn Cairo, lUinaUj to Head of i^«««*~Continiied. 





DistaDoe 
from 
Calzo. 


Medlun BUtgew 


Baak-fUl stage. 


Naof Motioii. 


Mean 
width. 


Mean 
depth. 


Mean of 

tnaximam 

depth. 


Mean 
width. 


Mean 
deptji. 


lAeanof 
depth. 


281 


MUu, 
442 
444 
446 
448 
460 
452 
454 
456 
452 
460 
462 
464 
466 
468 
470 
472 
474 
476 
478 
480 
482 
484 
480 
488 
480 
492 
494 
496 
498 
500 
509 
504 
606 
608 
610 
612 
614 
516 
518 
520 
522 
524 
526 
528 
680 
682 
584 
686 
588 
540 
542 
544 
246 
248 
550 
652 
554 
666 
558 
560 
562 
564 
566 
568 
670 
572 
674 
676 
678 
600 
582 
584 
696 
688 


Feet. 
2.4^ 
8,418 
4,111 
8.813 
2,061 
2,554 
3,520 
4,046 
8,400 
8,300 
8,365 
4; 723 
4,562 
2 049 
2,687 
8,477 
4 184 
8.878 
3.584 
8,905 
5,417 
4,765 
5,446 
4.102 
3,847 
8^880 
8^240 
2^448 
8,378 
4,077 
41140 
4.167 

2,908 
8.706 
4,016 

m 

8.254 
8.360 
2 873 

M17 
4,823 
. 8,008 
4,750 
4 428 
4,220 
6.250 
41550 
4,365 
5,r25 
5,575 
8^554 
S225 
2.606 
3,630 
3076 
2,010 
2,107 
2,473 
4,026 
4,820 
N012 
4,180 
8^158 
2,510 
8^120 
2,353 
4,488 
4,006 
3,427 
8^451 
L812 


FeeL 
51.7 
80.1 
81.8 
88.2 
40.4 
46.5 
86.7 
29.4 
84.1 
35.8 
87.8 
20.6 
28.2 
44.2 
42.6 
86.1 
26.4 
20.6 
34.8 
38.1 
27.7 
66.0 
24.8 
20.2 
81.8 
85.2 
48.8 
44.8 
33. tf 
30.8 
30.4 
27.4 
30.0 
35.6 
33.4 
32.4 
32.5 
34.0 
88.3 
44.4 
48.4 
SLl 
27.8 
29.0 
36u9 
20.2 
30.8 
20.5 

29.4 
25.5 
24.5 
36.4 
40.4 
42.7 
33.1 
20.1 
35.5 
41.9 
43.9 
29.2 
25.0 
22.9 
27.0 
30.7 
45.9 
82.6 
4a8 
3L6 
80.7 
87.4 
87.6 
63.4 


FeeU 
78.7 
61.5 
57.9 
75.0 
84.7 
77.4 
58.7 

• 65.4 
76.4 
72.0 
61.3 
61.4 
74.6 
8L9 
73.4 
49.6 
64.1 
65.3 
69.0 
49.5 
50.8 
57.0 
48.8 
68.7 
57.5 
5&6 
71.2 

7ao 

72.2 
07.0 
49.7 
50.2 
66.7 
84.8 
70.2 
62.0 
56.7 
68.0 
72.2 
01.7 
07.7 
50.0 
57.5 
47.7 
65.0 
54.3 
62.7 
80.7 
46.0 
63.8 
77.8 
49.5 
67.0 
80.4 
66.0 
78.2 
64.6 
48.2 
75.6 
91.0 
70.5 

4ao 

51.8 
57.5 
67.0 
76.4 
97.6 
64.3 
70.0 
6L4 
58.6 
46.8 
64.1 
74.5 


JPMt 

2,817 
6,628 
4,660 
4,806 
8,674 
2,814 
8,024 
5,183 
8,713 
8,866 
8,642 
4^780 
6.248 
8.063 
8,237 
8,618 
4,684 
4,047 
4,150 
4,487 
5,403 
4,070 
6,124 
5.078 
4,135 
4.020 
'8,885 
3,840 
4,447 
4.447 
4,237 
5,212 
5,727 
5.220 
3,826 
6,100 
4.865 
3,008 
8,708 
3,540 
8,813 
4,055 
4 762 
6.718 
4,507 
5,128 
4.500 
5,070 
7,173 
5^580 
5,012 
6,255 
7.830 
4,840 
2,018 
2,064 
4.658 
4.926 
4.476 
3.663 
8,470 
4,436 
5,408 
7,040 
5,580 
8,680 
4,264 
3,445 
2,817 
4,634 
4,274 
8,606 
3.788 
t L810 


Feet 

60.8 
80.3 
45.1 
50.5 
48.4 
57.7 
48.7 
30.8 
40.1 
46.0 
40.6 
. 47.1 
• 40.6 
66.3 
52.4 
53.2 
40.8 
80.2 
4&5 
43.4 
46.1 
40.7 
87.9 
41.8 
47.8 
40.4 
54.3 
47.2 
38.7 
42.8 
45.6 
88. d 
32.6 
33.8 
46.6 
40.8 
80.0 
46.0 
47.4 
66.4 
52.9 
46.6 
42.8 
37.5 
48.3 
41.5 
45l7 
38.7 
36.6 
38.5 
40.0 
88.7 
30.3 
44.1 
41.8 
50.0 
40.4 
37.2 
88.1 
87.4 
42.4 
40.5 
88.2 
81.0 
84.4 
50.4 
89.7 
45.1 
51.6 
44.2 
46.9 
47.8 
47.6 
67.6 


Feet. 
94.6 


ai . 


78.8 


223 


75.7 


224 


03.8 


225 


100.4 


226 


84.7 


227 


75.0 


228 


83.0 


229 


94.6 


230 


87.6 


231 


75.4 


232 


79.8 


S::;::;::;;::::::..::;.-. 


00.7 


234 

236 


100.8 
01.5 


236 


67.6 


287 


80.4 


238 


82.4 


230 


70.0 


246 


64.0 


241 


08.6 


242 


72.5 


243 


60.6 


344 


72.0 


246 


75.6 


246 


57.5 


247 


80.2 


248 


05.6 


249 


86l8 


2S0 


72.0 


251 


65.8 


268 


72.4 


253 


81.6 


25A 


08.3 


2S6 


84.8 


256 


27.0 


2^ 


70.0 


268 


70.8 


259 


86.0 


260--X 


106.5 


261 


112.4 


268 


66.1 


2©.... _._ 


78.8 


864 


61,7 


266 . 


70.2 


280 


68.7 


267 


78.0 


268 


06.7 


260 


62.8 


270 


70.6 


271 


76w7 


272 


64.5 


278 


77.7 


274 


05.0 


275 


79.5 


776 


92.6 


877 


78.7 


878 


63.5 


279 


01.5 


280 


105.0 


281 


86.0 


282 


62.7 


280... ...T,- - ,r 


70.0 


284 


74.8 


286 


8L9 


286 , ,,, ,. ..... .. 


91.4 


287 


112.1 


208 


79.5 


286 .r--.,T... 


91.8 


2M 


76.8 


201 


69.0 


282 --- 


66.0 




78.6 


904 : 


68.9 
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Mean widths, mean dq^ihs, and means of maximum depths of 2-mile secHans of main rivtr 
from Cairo, Illinois, to Head of Pa««e«--GoD tinned. 







Medinm stage. 


Bank-fall stage. 


Ko.of8eotian. 


limance 
from 
Cairo. 


Mean 
width. 


Mean 
depth. 


Mean of 

mazimnm 

depth. 


Mean 
width. 


Mean 
depth. 


Meaaof 
depth. 


295 


JTOm. 
690 
692 
594 
596 
598 
600 
602 
604 
606 
608 
610 
612 
614 
616 
618 
620 
622 
624 
626 
628 
630 
632 
634 
• 636 
638 
640 
642 
644 
646 
648 
660 
652 
654 
666 
658 
660 
662 
664 
666 
668 
670 
672 
674 
676 
678 
680 
682 
684 
686 
688 
690 
692 
694 
696 
696 
700 
702 
704 
706 
708 
710 
712 
714 
716 
718 
720 
722 
724 
726 
728 
730 
732 
734 
786 


FeeL 
3,416 
2,996 
3,582 
8.600 
8,138 
8.646 
3.666 
6,722 
8.223 
3,620 
8,826 
8,700 
3.510 
8,860 
3,650 
8,330 
6.240 
8,710 
2,860 
3.290 
3,040 
3.920 
3,160 
8,870 
8.480 
3,660 
6,470 
4,150 
8,730 
8,130 
8,400 
2,430 
8,790 
7,870 
6,350 
4,160 
4,970 
3,040 
2,460 
4,120 
8,440 
2,300 
8,650 
4,820 
6,960 
. 4,060 
8,766 
8.590 
4,380 
8,080 
8,710 
2.760 
8.360 
2,990 
2,580 
2,360 
2,890 
4,420 
6.810 
8,710 
6.530 
5,830 
2,430 
2.490 
8,840 
8,820 
8,950 
8.330 
2,840 
8,660 
4,350 
2,960 
3.080 
8.330 


Feet. 
40.4 
40.0 
43.1 
89.0 
62.6 
41.4 

.mo 

31.9 
34.9 
31.8 
84.7 
24.4 
83.0 
36.0 
33.7 
38.4 
26.6 
88.8 
42.6 
42.7 
38.3 
3L9 
42.8 
87.7 
31.6 
39.6 
27.8 
86.7 
38.7 
46.6 

4a 8 

51.9 
40.9 
21.3 
29.6 
31.8 
26.7 
37.6 
46 
36.7 
44.9 
57.3 
44.8 
82.6 
31.8 
36.4 
41.4 
41.1 
83.0 
50.7 
40.0 
46.7 
44.8 
65.8 
64.8 
66.6 
44.8 
83.6 
28.2 
88.7 
28.2 
27.8 
60.8 
62.7 
39.4 
36.7 
81.6 
87.6 
56.7 
37.8 
82.4 
47.9 
44.6 
44.1 


Feet 
72.6 
93.0 
73.3 

7a 8 

108.3 
73.0 
85.8 
62.2 
64.7 
61.0 
6a8 
60.4 
62.7 
64.2 
69.8 
63.9 
68.3 
77.7 
79.1 
71.0 
69.6 
77.0 
81.2 
71.7 
81.8 
69.8 
67.8 
63.6 
63.7 
99.8 
88.8 

103.9 
74.6 
70.6 
64.0 
66.7 
72.4 
7a 6 
83.2 
66.4 
90.6 

loai 

81.7 
88.2 

6a8 

87.8 
8a6 
62.0 
94.6 
91.8 
79.7 
99.6 
92.8 

111.7 

119.2 
90.0 
67.3 
68.0 
40.6 
60.4 
65.6 
64.0 
9a8 

106lO 
73.9 
73.8 
63.6 
67.9 

100.6 
99.6 
72.7 
96.7 
77.1 
6L7 


Fe«L 
3,470 
3,490 
3,616 
8,807 
8,807 
4.108 
5^705 
6,198 
4,630 
4,172 
4.268 
6,210 
5,200 
4,140 
6,390 
4,900 
5^820 
4,810 
8,770 
3,720 
8,960 
4,830 
4,410 
4,670 
8,940 
8,970 
6,110 
4,220 
8,860 
8,800 
8,890 
8,400 
4,130 
7,940 
6,760 
4,980 
6,660 
8,730 
2,660 
4,210 
8,470 
2.420 
8,940 
4,890 
6,090 
4.680 
4,860 
8,700 
4,670 
8,720 
8,990 
4,860 
8,920 
8.710 
8,800 
2,510 
2,070 
4,660 
6,460 
8,780 
6,860 
6,940 
2,630 
8,010 
4,270 
6.170 
7,400 
6.130 
8,420 
8,850 
4,680 
8,250 
8,250 
8,480 


FeeL 
54.6 

60.0 
68.6 
61.8 
60.8 
4a 7 
86.4 
45.0 
40.7 
42.9 
45.3 
38.7 
86.2 
49.8 
36.1 
42.8 
40.0 
44.2 
44.1 
61.8 
89.9 
80.0 
41.3 
42.6 
4L3 
49.7 
89.8 
4a 6 
52.4 
60.6 
57.1 
49.1 
62.1 
37.4 
43. R 
43.4 
88.0 
42.7 
66.8 
51.9 
69.8 
69.4 
5a 6 
50.0 
4a 1 
43.6 
60.7 
6.5.5 
46 6 
66.2 
62.0 
42.4 
60.8 
61.6 
6a 7 
71.8 
62.4 
61.0 
45.6 
66.3 
42.8 
41.9 
71.2 
69.9 
53.6 
8a9 
37.8 
84.6 
68.6 
62.2 
47.8 
69.4 
6a8 
69.5 


F^. 

«7.7 


21I6 


* 10&4 


297 


80.7 


298 


04.3 


299 


120.8 


ifOO .'.... 


86.1 


801 


00.0 


802 


M.4 


803 


81.0 


304 


76.1 


805 


74.6 


306 -. 

307 


74.2 
76.6 


3U8 


77.2 


309 


8S.1 


310 


78.8 


311 


-84.5 


312 .' 


03L8 


313 


01. 6 


314 


86lO 


315 


82.0 


316 


87.3 


317 


01.0 


318 


83.1 


319 


04.8 


320 ^ 

321 ?..i 


84.1 
84.3 


322 


67.0 


323 


68.2 


324 


lis. 6 


825 


103.8 


826 


11&4 


327 


01.1 


828 


87.2 


329 


80.1 


830 


72lO 


831 


87.2 


^2 .;::.::::;:. :::::: 


02.6 


833 


85.2 


334 


82.2 


836 


105.0 


836 


128.2 


337 


08.0 


338 


09.0 


839 


84.6 


840 € 


101.4 
103.1 


841 


342 


70.2 


843 


11L3 


844 


107.1 


345 


04.4 


846 


U8.5 


847 


106.4 


848 


12a8 


849 


137. 1 


850 


1083 


861 


76.0 


362 


77.8 


853 


oai 


854 


7a 


856 


72.1 


856 


7a 8 


857 


113.0 


868 


12L7 


859 


89.3 


860 


80.0 


861 


79.6 


862 


82.1 


863 


uas 


364 


117.8 


866 


89.9 


866 


iia4 


367 


08.9 


368 


7&6 



APPENDIX WW— -REPORT OF MISSISSIPPI RIVER COMMISSION. 3135 

Mean widtk9y mean depih^y and mesMS ofmanmum depihe of ^-mileseoHons of main river 
from Cairo, Illinois, to Head of Pa«««9— ContiDaed. 



Saofaeotton. 



Diftanoe 
fma 
Cairo. 



If edimn stage. 



width. 



Mean 
depth. 



Mean of 

mazimnm 

depth. 



Bank-ftill stagow 



Mean 
width. 



Mean 
depth. 



Mean of 

maxinram 

depth. 



87* 

371 

872 

373 

374 

376 

376 

377 

378 

370 

380 

881 

888 

883 

884 

885 

886 

887 

888 

888 

880 

381 

888 

803 

38* 

386. 

386 

887 

886. 

388 

400 

401, 

408. 

403 

404 

406 

406 

407 

408 

400 

410 

411 

418 

418 

414 

415 

416 

417 

418 

418 

420 

421 

422 

423 

420 

425 

420 

427 

428 

428 

480. 

431. 

432. 

433. 

434. 

436. 

436. 

437. 

438. 

438. 

440 

441. 



JTOm. 
738 
740 
742 
744 
746 
748 
760 
• 752 
754 
756 
768 
760 
762 
764 
766 
768 
770 
772 
774 
776 
778 
780 
782 
784 
786 
788 
700 
702 
784 
786 
798 
800 
802 
804 
806 
8U8 
810 
812 
814 
816 
818 
820 



834 
836 



840 
842 
844 
840 
848 
850 
852 
854 



800 
862 
864 

886 
868 
870 
872 
874 
876 
878 
880 
882 



reet 

4,190 
2,510 
8,820 
8,900 
3,220 
2,860 
8,850 
3.290 
2,740 
2.830 
3.750 
4,670 
8.750 
3.960 
4,160 
2,880 
2,080 
8,250 
2,800 
3,180 
4.450 
3,610 
2.050 
3,820 
2.430 
3,830 
2.710 
3,620 
2,800 
2.840 
4,170 
3.350 
2.170 
2.700 
3.810 
2,670 
2,400 
3,580 
3.700 
2.760 
3,800 
2.870 
2,600 
2,320 
2,430 
2.540 
2,400 
2,820 
2.500 
3,040 
3,380 
2,040 
2.340 
2,510 
2,980 
2,180 
2,040 
2.450 
2,590 
2,380 
3.400 
2,570 
2,420 
2.680 
3,620 
2,330 
2,410 
3,400 
2,440 
2.760 
2.620 
2,(520 
2,500 



FeeL 
84.3 
54.3 
89.2 
36.9 
46.5 
46.6 
3a6 
47.9 
69.4 
51.0 
42.0 
84.8 
43.7 
44.6 
38.2 
63.1 
60.4 
46.6 
64.0 
52.0 
83.4 
46.7 
61.8 
60.6 
66.2 
47.5 
68.7 
48.8 
00.6 
53.4 
40.3 
46.4 
64.4 
53.8 
46.1 
63.1 
67.1 
40.0 
36.8 
485 
46.7 
65.0 
62.2 
64.6 
63.8 
75.0 
61.2 
52.9 
69.8 
49.6 
44.4 
56.8 
67.5 
59.4 
58.8 
67.9 
62.9 
65.5 
55.3 
69.7 
50.3 
50.0 
75.5 
68.6 
48.b 
76.2 
64.0 
46.8 
67.1 
56.2 
67.1 
76.3 
Ga4 



Fut 

83.6 
104.0 
84.9 
83.0 
102.6 
96.6 
74.5 
102.1 
182.8 
100.5 
75.7 
7&8 
76.2 
64.0 
86.8 
86.8 
83.8 
88.5 

iia7 

80.8 

65.2 

87.0 

112.8 

111.4 

134.7 

107.0 

105.6 

117.8 

123.3 

107.6 

70.3 

07.6 

^ 03.9 

76.0 

87.4 

111.0 

102.6 

81.6 

88.4 

91.2 

104.1 

104.3 

131.4 

112.8 

00.3 

127.8 

00.0 

85.6 

80.1 

06.7 

80.6 

122.3 

100.3 

86.7 

105. 4 

123.6 

85.7 

127.0 

112.8 

117.7 

01.3 

80.7 

135.1 

101.8 

118.0 

136.5 

94.7 

91.3 

116.3 

96.8 

77.6 

129.7 

127.0 



Feet. 
4.200 
2,850 
4,060 
4,000 
8,860 
8.160 
8,050 
3,350 
3,080 
8,120 
8,790 
4,870 
3,080 
4,010 
4,220 
2,870 
3.0.?0 
8,200 
3,080 
8,270 
4.710 
3,020 
2,000 
8,600 
2,940 
3,466 
3,200 
4,120 
2.910 
3.010 
4.210 
8.400 
2,260 
2,270 
3,470 
8,040 
2,610 
8,870 
8,810 
2,050 
3.520 
8.200 
8,140 
2,520 
2,520 
2,660 
2,470 
2.020 
2,670 
3,150 
3,530 
3.430 
2,650 
2,710 
3,240 
2.400 
8,180 
2,610 
2.780 
2,700 
8»610 
2,760 
2,520 
2,810 
3,720 
2,460 
2,520 
8,540 
2.800 
8,030 
2,720 
8,050 
2,600 



FeeL 
4&0 
62.3 
53.0 
51.3 
60.9 
60.2 
54.2 
61.1 
76.4 
64.0 
60.0 
60.6 
67.1 
61.1 
63.8 
66.1 
62.7 
61.0 
64.8 
65.6 
40.2 
55.6 
60.7 
63.0 
65.6 
67.2 
60.1 
62.8 
60.8 
60.3 
52.0 
68.1 
76.2 
65.7 
66.8 
67.8 
66.6 
51.2 
47.2 
56.1 
56.0 
50.0 
62.3 
6&0 
73.8 
82.7 
70.9 
02.9 
67.6 
58.4 
63.6 
58.8 
71.2 
66.6 
66.3 
71.0 
61.7 
72.2 
62.6 
70.6 
56.5 
66.6 
83.0 
66.0 
68.6 
82.2 
71.6 
55.0 
68.0 
60.6 
66.0 
74.7 
78.8 



FeeL 
10&4 
110.6 
101.8 
110.2 
119.0 
118.8 

00.5 
117.0 
148.6 
128.3 

94.8 

06.2 

9L8 

82.0 
102.7 
U3.6 

96.8 
104.2 
184.7 

05.7 

79.7 
101.5 
127.8 
127.6 
146.7 
120.5 
117.0 
129.8 
135.4 
117.2 

82.7 
111.2 
108.0 

80.8 
1*0.2 
123.7 
115.0 

94.0 
100.4 
102.5 
116.7 
116.6 
141.8 
121. 5 
111.7 
139.4 
102.4 

97.7 
101.4 
107.7 

02.0 
135.3 
121.6 

06.0 
117.3 
135.6 

07.8 
139.8 
126.0 
120.1 
10L7 

09.7 
146.6 
112.7 
120.6 
146.9 
104.0 
101.1 
126.4 
106.6 

87.6 
180.6 
138.8 



3136 REPORT OF THE CHIEF OF ENGINEERS, U. 8. ARMY. 

Mean widths, mean depths, andn^eaHa of maximum depthe of2mile seetions of main rirer 
from Cairo f Illinois, to JIca^o/Pa««««— Continued. 



• 


Distance 
ttpora 
Cairo. 


Id 

Mean 
widtU. 


[ediam stage. 


Bank.fall stage. 


No. of section. 


Mean 
deptb. 


Mean of 

maximmn 

depth. 


Mean 
tridth. 


Mean 
depth. 


Mean of 

maximom 

deptb. 


442 


MUee. 
884 
886 
888 
890 
892 
894 
806 
898 
900 
902 
904 
906 
908 
910 
912 
914 
916 
918 
920 

^ 

926 

928 

930 

932 

034 

936 

938 

940 

942 

044 

946 

948 

930 

932 

954 

956 

958 

960 

962 

964 

066 

968 

970 

972 

974 

976 

978 

980 

082 

084 

886 

988 

990 

092 

994 

996 

908 

1,000 

1,002 

1,004 

1,006 

1,008 

1,010 

1,012 

1.014 

1,016 

1,018 

1,020 

1,022 

1,024 

1,028 

1.028 


Feet 
2.460 
8,010 
2,600 
2,330 
2,120 
2,130 
2,110 
2,080 
2,350 
2,430 
2,430 
2,720 
2^300 
2,161 
2,407 
2,389 
2.443 
2,343 
2, 241 
2,140 
2,056 
2,971 
3,170 
2,376 
2,184 
2,412 
2,840 
2,309 
2, 255 
2, 147 
2,663 
2,651 
2,191 
2, 124 
2,630 
2,878 
2,397 


Feet 
73.9 
5a 6 
74.3 
87.2 
73.2 
72.6 
80.2 
76.9 
65.8 
63.1 
75.5 
59.2 
69.2 
77.1 
73.1 
68.3 
71.5 
80.6 
71.9 
74.4 
72.6 
63.2 
64.8 
69.8 
60.1 
69.4 
79.1 
67.3 
69.9 
74.1 
60.3 

. 02. 7 
64.6 
74.6 
66.8 
61.1 
76.8 


Feet 
122.3 

97.3 
126.0 
149.8 
113.0 
129.2 
147. 
131.7 

96.4 

96.9 
125.1 

95.6 
109.6 
111.6 

96.7 

99.9 
111.3 
114. C 
111.6 
108.4 
112.1 

99.1 

98.6 
116.7 

98.7 

95.2 
186.6 
106.7 

97.3 
100.9 

99.8 
104.2 
115.9 
118.9 
104.3 

94.4 
132.0 


Feet 
2,580 
3.380 
3.030 
2.400 
2,170 
2,180 
2,190 
2,170 
2,440 
2,480 
2,480 
2,780 
2,410 
2,199 
2447 
2,434 
2,462 
2,360 
2,261 
2.163 
2,093 
8,001 
8,354 
2,438 
2,224 
2,456 
2, 921 
2.424 
2,275 
2,164 
2,675 
2,669 
2,217 
2,148' 
2,650 
2,886 
2,404 
2,891 
2,666 
2,072 
2,039 
2,152 
2,438 
2,420 
2.543 
2,376 
2,484 
2,423 
2,318 
2.231 
2.268 
2,200 
2,426 
2,417 
2,278 
2.429 
2,163 
2,204 
2,427 
2,492 
2,292 
2,462 
2,586 
2,461 
2,837 
2,237 
2,717 
2,880 
2,842 
2,218 
2,270 
2,426 
2,174 


Feet 
80.8 
61.2 
73.1 
04.9 
80.2 
80.4 
85.2 
82.0 
72.0 
69.8 
81.2 
65.3 
74.7 
88.0 
78.4 
72.8 
76.5 
85.3 
76.3 
78.1 
75.0 
66.6 
56.3 
71.3 
62.0 
61.1 
80.2 
60.6 
71.9 
76.2 
63.1 
64.0 
6&1 
78.1 
68.1 
62.6 
78.0 
81.1 
65.5 
77.9 
90.2 
98.4 
71.9 
67.0 
63.0 
68.4 
65.9 
72.5 
74.0 
80.6 
64.4 
65.8 
60.6 
68.8 
64.0 
61.2 
73.1 
76.6 
75.3 
60.0 
62.9 
57.7 
56.3 
62.8 
65.2 
8S.2 
56.8 
61.8 
64.8 
67.2 
78.6 
66.6 
67.0 


Fett. 

132.7 


443 


107.8 


444 


187.8 


445 


168.8 


446 


121.1 


447 

448 

449 


137.2 
155.0 
139.7 


450 

461 

452 


104.4 
104.4 
132.1 


453 


102.6 


454 

455 .- 


U0.6 

118.2 


456 


103.8 


457 


105.0 


468 

459 


117.3 
120.4 


460 

461 


115.4 
113.4 


462 

463 


117.1 
104.1 


464 


102.6 


465 


120.8 


466 


10*. 7 


467 


90.2 


468 


140.4 


469 


109.7 


470 


loas 


471 


112.9 


472 


102.8 


473 


106.9 


474 


117.9 


475 


120.9 


476 


106.3 


477 


06w4 


478 


183.7 


479 


125.4 


AMi 








101.3 


481 








109.2 


4H2 








124.6 


483 








147.7 


484 . . .. 








91.9 


dan 








9L4 


486 








103.7 


487 








loai 


i.Aft 








95.4 


4fl0 








113.6 


490 








109.8 


491 








U&l 


409 








03.8 


49S - - - - 








103.9 


401 








03.5 


495 








93.3 


496 








98.7 


497 








04.4 


i.Oft 








104.0 


499 








125uO 


500 








124.3 


^ni 








82.7 


502 

503 








100.3 








100.2 


504 








105.1 


505 








99.4 


506 








10L7 


607 








140.1 


(^)g . . , . 








100.4 


KOQ 








9L6 


510 








107.4 


611 








116.8 


512 








U4.0 


518 '. 









118.8 


auill... 








nSo 
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JfMNi wid^y mean depths, and means of maximum depths of 2^mile seoiions of main river 
from Cairo, Ulinois, to Head of PaM0«~Contiiiaed. 





BiBtRDce 
from 
Cairo. 


Hedioin stage. 


Bank.fUl stage. 


Haofsectioa. 


Mean 
width. 

reet. 


Mean 
depth. 

FeeL 


Mean of 

maximum 

depth. 


Mean 
width. 


Mean 
depth. 


Mean of 

maximam 

depth. 


615 


Milee, 
1,030 
1,032 
1,034 
1,036 
1,038 
1,040 
1,042 
1,0«4 
1,046 
1,048 
1,050 
1,052 
1,064 
1,056 
1,058 


Feet 


Feet. 
2,490 
2,581 
2,744 
2,349 
2,187 
2,637 
2,637 
2,626 
2,638 
2,771 
2,634 
8,252 
8,967 
4,862 
7,177 


Feet. 
60.9 
60.6 
63.9 
78.4 
94.7 
70.6 
61.0 
61.8 
61.7 
68.9 
67.0 
62.6 
, 41.3 
88.9 
27.0 


FeeL 
102.1 


6ie 








102. 1 


517 . . 








' 118.1 


518 








115.8 


519 








1OT.2 


620 








113.7 


521 








90.2 


flM . , , , 








82.6 


623 








83.6 


624 








100.6 


535 








04.3 


528 








85.8 


587 








63.6 


528 








48.6 


529 








38.8 













BSPOBT OP GAPTAIK CHABUBS P. POWXLL, CORPS OP ENOINBBB8, UPON RELATION 
BETWXBN MBAN BANK HEIGHT AND ICEAN HIGH WATER. 



St. Louis, Mo., January 10, 1890. 

General : I have to submit the foUowing report of the results of an inyeatigation 
of the relation between mean heights of the Mississippi River banks at or near cer- 
tain stations below Cairo, and mean high water as foand from the yearly high- water 
readings sinoe 1872 inclnsive, as requested in your letter of September 25. 

Ten gauge stations, Cairo, Memphis, Helena, mouth of White Kiver, Lake Providence, 
Vioksburg, Natchez, Red River Landing, Baton Rouge, and CarroUton, were availa- 
ble. CarroUton was not used at first, sinoe the bank elevations at that place were not 
then known. One year's high- water readings at Red River Landing are missing ; 
interpolating from the adjacent stations, Natchez or Baton Rouge, the eighteen-yoar 
mean at the landing is 41.9 feet. This was used. The seventeen-year mean is 42.1 
feet. Three years' high- water readings are missing at mouth of White River ; one year 
was supplied by an observed high-water mark ; the mean, 45.3 feet, of the sixteen 
years was used. The eighteen-year mean with interpolated values from Helena the 
two missing years is 44.7 feet, and from Lake Providence, 45.3 feet. There is a closer 
correspondence or relation between the Helena and White River high -water readings 
than between those of White River and Lake Providence, and, considering distances 
between gaug^es and probable influence of tributaries, I think now that it would have 
been safer to interpolate for White River from Helena. Such method would reduce 
the local difference of elevation between mean bank and mean high water from 
that ^ven in the table below. 

To increase the number of observations and to divide the distances between the 
stations named, I thought it desirable to also include in the investigation those gauge 
stations, established in 1880, where the mean high water since 1872 could be deduced 
within a fairly close approximation to the actual value. For determining this the 
differences between corresponding observed yearly high waters at each of the 1880 
stations and the adjacent 1872 stations were noted, and the rule adopted to select 
those 1860 stations where the range of differences was less than 2.5 feet, a small range 
being evidence of a close relation between the corresponding high waters at the 
respective stations. The stations thus selected and the ranges of differences are, 
Fulton. 2.46 feet; Arkansas City, 1.3 feet; Greenville, 1.57 feet; St. Joseph, 2.26 feet, 
and Port Hickey, 1.20 feet. The adopted mean for each 1880 station was then derived 
6om the proportion comprised by the means of the corresponding high waters at the 
station and at its standard 1872 station, and the eighteen-year means for the same 
stations. 

With the mean high-water readings thus adopted, the bank elevations from the 
toposraphio surveys, and observed local high- water slopes, assistant engineer C. W. 
ClanE has obtained the diffierences between mean high-water and mean bank for two 
or more reaches, generally 3 miles long, at or in the immediate vicinity of the sta- 

BNa 90 197 



3138 REPORT OF THE CHIEF OF ENGINEERS, U. S. ARMY. 

tions. He has also noted and discassed for each station the physical conditions which 
in oar Jadsment might influence the river's eftbrt to build its banks. Mr. Clark's 
report with tabulation is atWushed. 

Subsequently some bank sections at and near Carrollton were obtained, team which 
it is found that the right bank is 0.2 foot higher and the left bank 0.9 foot lower 
than mean high water. The bank elevations here are not sufficient in number nor 
distribution to give a comparison witb mean high water as satisfactory as at the 
other stations. A deterioration of the immediate bank from wear and steamer wash 
might be expected at a larse harbor and in a greater degree on the occupied side. 

To divide the otherwise long distance from Baton Rouge to Carrollton for our com- 
parison of mean high water with mean bank, and to try another method of obtain- 
ing the comparison, a plot was made of tne bank -elevations fix>m Baton Rouge 
to Donaldsonville (the limit towards Carrolltqn of the topographic surrey) and of a 
mean high-water grade line over the same reach. This line was obtained by adjust- 
ing from observed high- water slopes at intermediate stations the average grade, 
plotted by connecting the mean high-water readings at Baton Rouge and Carrollton, 
the including stations. The adjustment having been carefully made and for a part 
at an end of the reach, and of less than one-half the distance of the whole, any re- 
sulting error of the mean high-water grade is thought to be quite inconsiderable. 
From this plot it is found that the right bank, Baton Rouge to DonaldsonyiUe, has 
36 miles abbve and 16 miles below mean high water, averaging 0. 53 foot above ; and 
the left bank 36.5 miles above and 15.5 miles below, averaging 0.50 foot above mean 
high water. 

Snnmiarizlng the measurements, it may be stated that at the stations and on the 
reach examined the bank from Cairo to Memphis, 230 miles, is from 0.5 foot to 2.8 
feet above mean high water : from Memphis to Chotard Landing, 240 miles, the bank 
is below from 0.4 foot to 1.4 foet ; from Chotard Landing to Donaldsonville, 314 miles, 
the bank is above from 0.2 foot to 3.8 feet, and at Carrollton is below, about 0.4 foot. 
Also that, on the whole, the mean bank, Cairo to Carrollton, is somewhat above 
adopted mean high water. 

The adopted means have been obtained from the systematic and continuous gauge 
readings; they may not be the true ones, iJthongh eighteen years' reliable observa- 
tions ought to give good results. If the means differ from true ones, they would 
most probably do so by respective corrections about proportional to the ranges, ex- 
hibited in the table below, between the adopted mean high and highest water on the 
gauges : 



Station or reach. 



Interval 
or length. 



Mean bank as 

to mean 

high water. 



Length 
of reach. 



Well 

ieflned 

cnt^fb- 



Bonbt- 

ftd 
ont<ofli. 



Cairo 

Folton 

Memphis 

Helena 

White River 

Arkansas City 

Greenville 

Lake Providence 

Chotard Landing 

YloksbnTg 

8t Joseph 

Natchez 

Red River Landing 

PortHiokey 

Baton Ronge 

Baton Ron^ to Donaldsonville. . 
Carrollton 



MiUi. 



176 
65 
76 
87 
40 
45 
74 
28 
29 
48 
52 
S5 
46 
23 
58 
72 



FeeL 
0.5 above . 
2.8 above . 



1.4 tMlow . 
0.9 below . 
1.1 below . 
0.4 below . 
0.6 below . 



0.6 above . 
0.8 above . 
3.8 above . 
1.4 above . 
2.6 above . 
0.2 above . 
0.6 above . 
0.4 below . 



MUea. 



240 



17 



17 



314 
72 



13 
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Stetloii or reach. 



On gange, 1872-1889. 



bigb 
water. 



Lowest 
water.* 



Higheat 
water. 



Bange. 



Higheat 

Md 

lowest. 



lest 
lei 
high. 



Arenge 

duration 

high aboYO 

high. 



Cairo 

Ifalton 

Memphis 

Helena 

White Birer 

Arhaoaas City 

GrseBTlUe 

Lake Providenoe 

Chotaxd Landing 

Yioksbarg 

Bt. Joseph 

Iffatidiea 

Bed BlTer Landing 

Port Hiokey 

Baton fioage 

Baton Boage to Donaldsonville. 
CarrolHoa 



FmL 
44.84 

88.04 
82.02 
42.81 
t46.33 
44.00 
89.48 
86.85 



F«eL 
—1.00 

+L00 
—0.86 
—0.20 



-H>.80 
•fL86 
-8.86 



FMt. 

52.17 
86w60 
86.30 
48.10 
4a 40 
47.00 
41.68 
8a40 



FeeL 
53.17 
86.00 
86 26 
48.30 
48.40 
46.70 
39^83 
42.25 



FeH. 
7.88 
a66 
2.78 
5.29 
8.07 
2.91 
2.20 
L85 



DQy$, 



14 

"ii 

18 
17 



42.90 
89.77 
42.20 
41.92 
42.19 
81.73 



18.28 



-fl.l5 
—LOO 



49.00 
44.90 

47.76 
48.50 
47.90 
36.20 



52.92 



47.75 
4a 50 



15.70 



85.05 

'ii'io 



6.10 

a 18 
a55 

a58 
aTi 

4.47 



2.42 



25 
'26 
'26 



* From 1880-1888 only, for Fulton, Arkansas City, and Oreenville. 

t Interpolating for two missing years ftrom Helena the eighteen-year mean would be 44.7. 

It may be noticed ftom Mr. Clark's discoBsion that the more prononnced phvsioal 
eharacterisfcio of the river or its banks, sabject to control and therein discnssed, and 
whioh presents a cononirence with bans height, is a degree of permanence of bank ; it 
is Jostly conclnded from the observations that oonvex banks are generally high ; 
that the indications are that concave banks are low ; that a caving bank aoes not 
bnild hieh, while freedom from caving insnres high bank, and that for stable oonvex 
or straight bank, mean bank is almost always hij^her than mean high water. The 
concnrrenoes might be expected as logically resolting from the well Imown processes 
of bank-boilding bv river deposits. 

The oondosion of a relation or dependence between bank stability and high bank 
is verified from a consideration, exhibited in the table above^ of bank elevations in 
reference to reaches of cat-offs, and in view of the fact established by namerons ob- 
servatioDS that cut-offii indnce bank-caving above and below. To serve as an exten- 
sion €si the table on this point, it might be explained that below Carrollton no evi- 
denoes of cnt-oib are shown on onr maps, and a reference made to the statement in 
the report of the committee on levees, appendix F of the Commission's report, 1881, 
that below the forts the banks are approximately at the level of flood plane, and also 
the faet that the lower part of tiie river has generally stable and straight banks. 

The condosion seems warranted that banks somewhat higher than otherwise will 
reenlt, incidentally, from bank protection and prevention of cat-ofFs, two objects to 
be attained in the Commission plans for river-cnannel improvement. 

The observations further appear to show where the direction of overflow is normal 
to the river that the banks are less high than where the overflow is obliqne, nearly 
paraUel, or parallel to the river, the latter class not iqclnding the case of points over 
whioh water escapes and falls into the river on their lower sides. Other things 
being eqnai, especially in the matter of obstrnctions to the flow, these results maybe 
explained by the greater slope of the ground away from the river than along it, 
sometimes as much as twenty times greater ; and by the fact that when the velocity 
of overflow is slackened by the filling of reservoirs the induced deposits ocour at or 
near the bank for parallel and oblique ovei^ows, and more remote m>m the bank for 
normal overflows^ 

The tabluated observations do not show that the natural bank height is influenced 
by levees ; it should be noticed, however, that in these observations the banks ex- 
amined as to levees are above Baton Bouge, and are where the levees had been very 
generally discooneoted and were back from the Immediate bank of the river ; also 
that tiie number of observations as to levees is not large. 

Below Baton Rouge the levees have been generally continuous, were much older, 
and are elose to the river. A detailed examination was made as to the levees on the 
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riffht bank from Port Hiokey, and on the left bank from Baton Rouge, to Donaldson- 
ville, and it was fonnd that the natural ground outside (river side) of the levees aver- 
aged about 2.1 feet above the ground inside (land side of the levees, at a few places 
the outside ground being within a foot of the levee top. About 0.7 feet of the differ- 
ence is accounted for by the natural slope of the ground back from the river as found 
ih>m 107 half-mile bank sections below Hermitage Lauding, and a consideration of 
the average distance of the observed elevations on the two sides of the levee. Some 
exaggeration of the difference mav further have come £rom outside elevations hav- 
ing oeen taken on unidentified ola levee and possibly from inside elevations at bor- 
TOW-pits. After liberally allowing for these conditions the available data show that 
on the lower part of the river the levees have not stopped the bank building process. 
To find whether they have aided or retarded it a test was made as to permanence of 
levee from a comparison of locations by the Delta survey and the present survey on 
the common part and where the connections were not doubtful, viz : on the riffht bank 
from Fanste River, and on the left bank from Baton Rouge, to DonalosonviUe. 
Twenty-thiee reaches are available for comparison. Dividing them into three classes, 
(1^ Where the levees of 1851 were intact or nearly intact m 1883, aggregating 58 
miles ; (2) Where parts of the levees of 1851 remained but with considerable change 
of the other portions, 30 miles ; and (3) Where t^e levees of 1851 had entirely or al- 
most entirely disappeared, aggregating 33 miles, it was found that the difference of 
average heights ox ground outside and inside of levees were respectively 1.4, 2.0, and 
2.3 feet. The available reaches were further divided into classes, according to the plan 
of the levee and to its location, as in bend or on straight bank, etc., from which the 
following was obtained : 



Avenge diArenoe of eleva- 
tiMis <mldde and inside 
of levee. 


Conditions. 


2. 2 feet 


Levee line very angnlar; many epurs towards the ahore. 
Levee line less broken; fewer spnrs than above. 
Levee smooth ; very few spurs on sharp turns. 
I/Ovee in bends. 


1.9 feet 


1.8 feet 


2.1 feet 


1.9 feet 


Levee along straight banks. 

Levee on points indaded by straight reaches. 

Levee line points. 


1.6feet 


a.«feet 



It thus appears that either permanent levees on the lower part of the river, where 
olode to the shore, retard the bank building, or, what seems more decided, that the 
broken line of levee with outward spurs or wings favors the process. 

The effect on bank building of wooded as against cultivated ground is discussed by 
Mr. Clark, and also that of certain characteristics of the river not subject to control 
or change ; of the latter class the effect of tributaries appears to be the most pro- 
Bonnced. 

Very respectfully, your obedient servant, 

Chas. F. Powell, 
Captain, Carpi of Enjfin^eri^ 
Qen. C. B. Comstock, U. S. A., 

President Mi$8i»i%ppi Biver Commission, 



report of mr. c. w. clark, assistant engineer. 

October 26, 1889. 
Captain : I have the honor to make the following report upon relative heights of 
mean bank and mean high water of the Mississippi Kiver, Cairo, 111., to Baton Bonge, 
La. Fourteen stations were used for the comparison. 

• •••«•• 

The number of reaches examined vary Arom two to fire at each station; a total 
number of forty-one reaches was used. 

In some eases the reach considered lay entirely above or below the gauge; in such 
cases a slope correction for the distance from the center of the reach to the ffange was 
applied, the slope per mile bein^ determined from the high-water slopes for several 
years, as publisned in the Mississippi River Commission Keports for the respective 
stations considered. • * • The majority of the reaches considered were 3 miles 
each in length. Where levees or railroad embankments lay near the shore, elevatioBa 
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each Bide of the same were used in getting the mean. At Cairo and Memphis pnh- 
liBhed charts were need (principally) for getting the bank heights ; for the other 
twelve stations the original field plats were need. The arerage number of eleva- 
tions used for getting bank hoiffht for a siogle reach was about eighteen or twenty, 
bat in extreme cases seven to thirty were used. It is bdiered that the mean bank 
was in each case quite accurately determined in this way. 

Tabulated sheets numbered 1 to 11 give the " Mean high waters,'' '' Extreme high 
waters," '*Mean bank elevation," '' iSfferencee." by subtracting mean bank from 
Toean hij^h-water elevations, and descriptions ot reaches, their location, eto., so that 
only a ducussioD of the results need be taken up here. In the following M. B. will 
be used for mean bank, M. H. W. for mean high water, and £. H. W. for extreme 
high water. 

Of the forty-one reaches we find that twenty-one hare M. B. higher than M. H. W., 
eighteen have M. B. lower than M. H. W., and two have M. Si same as M.'H. W. 
Out of the fourteen stations eleven have one or more reaches where M. B. is greater 
than M. H. W., and nine have one or more reacheo where M. B. is less than M. H. W. 
Taking the mean of the M. B/s at each station, we find that at eight stations M. B. is 
higher than M. H. W.. and at six stations M. B. is lower than M. H. W. The latter 
six are in reffular order taken from Memphis to Lake Providence, viz, Memphis, 
Helena, Mouui of White River, Arkansas City, Greenville, and Lake Providence. 

The following conditions regarding the reaches will be considered to determine, if 
possible, their effect on bank building : (1) Bank leveed or unlereed ; (2) bank onl- 
tivated or wooded; (3) bank convex, concave, or straight; (4) bank caviuff rapidly, 
slightly, or not at all; (5) flood water flowing over bank out of river, over Dank into 
river, or oyer bank parallel, or nearly parallel, to shore; (6) Entnuioeof tributary 
into the xirer; (7) blufb near bank : (8) range of H. W. elevations for the series A 
years considered at each station, and (9) Length of time that water remains abore 
mean high water. 

1. Wbere levees lie near the shore we find at seren reachee (representing fire sta- 
tions) ML B. is hieher than M. H. W., nine reaches (representing six stations) M. B. is 
lower than M. H. w., and two reaches (representing two stations) M. B. is the same as 
M. H. W. On reaches where there are no levees back we find at nine reaches (represent- 
iDg five stations) M. B. is higher than M. H. W., and eight reaches (represenung five 
stations) M. B. is lower than M. H. W. Of cases where leyee lies back of a part 
of the reach we find five reaches (representing five stations) where M. B. is higher 
ihim M. H. W., and one reach M. B. is lower than M. H. W. It would seem fh>m the 
above that the fact of the bank beiof^ leveed or not has little effect on the bank build- 
ing at the reaches considered, elevations each side of the levee being taken to get the 
mean. It is true that the ground outside (river side) the levee is usually a little 
hifi^her than inside (land side), about 0.45 feet, as shown bv an CKamination of about 
500 milee of river above Baton Rouge— levee averaging about one-fourth of a mile 
back — (see Mississippi River Commission Reports 1882 and 1883); but the hiffh ground 
is usually less than one-fourth of a mile back^ and the natural slope (for probably one- 
eighth of a mile) of the ground back from high ground would have to be consiaered. 
Now as bank slopes from 4 to 10 feet per mile away from the river (Mississippi River 
Commisaion Report 1882) we should expect to find a difference of that amount or more 
due to slope alone. From the last consideration it would seem more nearly correct 
to take only elevations outside the levee where it lies more than about one-eiffhth of a 
mile back. In the cases actually considered, however, the introduction of the eleva- 
tions back of the levee in no case had an effect of changing the mean more than 0.1 
foot or 0.2 foot, and in most cases probably the mean was not affected by an apprecia- 
ble amount. 

2. Of reaches where the banks were cultivated, we find eight reaches (representing 
six stations) where M. B. is higher than M. H. W.^and seven reaches (representing 
four stations) where M. B. is lower than M. H. W. Where banks are wooded we 
have four reaches where M. B. is higher than M. H. W., and two reaches M. B. 
lower than M. H. W. Where banks are partly cultivated and partly wooded we 
have nine reaches where M. B< is higher ana nine reaches where it is lower than M. 
H. W. Ab far as these results go there is but little to indicate that there is any dif- 
ference in the bank-building process between cultivated and \vooded banks ; but as 
in general the higher lands have originally been selected for cultivation it is perhaps 
not a correct test to make a comparison in this way. It seems reasonable to expect 
that wooded banks by arresting the flow of water would cause a greater deposit, but 
it is posBible that this might be offset by the greater volume of water that would 
flow over the unobstructed (cultivated) bank. 

3. Where bank is convex we find ten reaches (representing seven stations) where 
M.B. ia higher than M.H. W., and four reaches (representing four stations) where 
M. B. ia lower than M. H. W. Where bank is concave we have three reaches (three 
stations) where M. B. is higher than M. H. W., and flve reaches (flve stations) where 
M. B.ia lower than M.H.W., and one reach where M. B. is same as M. H. W. Whtif 
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bank is pi^:tly convex andparUy eonoaye we haye one reach M. B. is higher and two 
reaches lower than M. H. w. where banks are straight we have seven reaches (rep- 
resenting fonr stations) where M. B. is higher than M. H. W., seven reaches (repre- 
senting four stations) M. B. is lower than M. H. W.,and one reach M. B. is same 
height as M. H. W. We notice from the above that convex banks are generally high, 
whue the indications are that concave banks are low, although the data here is 
hardly sufficient by itself to make this conclusive ; we would expect, however, that 
the caving banks would be low, and they are ^^enerally the concave banks; where 
banks are straight, we see there is an equal division between the high and low banks. 
4. Where banks were caving rapidly (at time the survey was miMe) we have two 
reaches where M. B. was higher, two reaches lower, and one reach same as M. H. W. 
Where bank was caving, but not rapidly, we have seven reaches (representing five 
stations) M. B. higher, and twelve reaches (representing eight stations) lower than 



M, H. W.. and one reach M. B. same height as M. H. W. Where banks were not cav- 
ing (at time of snrvevB), we find twelve reaches (representing ten stations) where 
MTB. is higher than M. H. W., and four reaches (four stations) where M. B. is lower 
than M. n.W, Although the caving at time of survey is not a sure indication of 
what the bank has been doing the period of eighteen years under discussion, yet 
these observations would go to show that the bank does not build up to its normal 
height while subject to caving, while freedom from caving insures high bank build- 
ing, other conditions beinip normal. 

If we examine this conoition (4) in connection with the previous one (3) we find 
that for the convex bank where M. B. is higher than M .H. W., seven out of the ten cases 
are where bank is not caving, two where it is caving slightly, and one where it is (hav- 
ing rapidly ; where M. B. is lower than M. H. W. we find one case bank not caving, 
the other three cases bank caving. For concave banks where M. B. is higher than 
M. H. W., one case not caving, two cases caving slightly ; where M. B. is lower or 
same height as M. H. W., two cases not caving, four cases caviuff, (three cases caving 
rapidly). For straight Dank where M. B. is higher than M. U. W., four cases not 
caving, three oases caving; where M. B. is lower than M. H. W., only one case ia 
wherebank is not caving and seven cases where it is oavinff. The above shows that 
where bank is convex or straight and not caving M. B. is almost always higher than 
M. H. W.; only two oases out of thirteen to the contrary. 

5. In mobt cases there is no data except position of contours to determine the direo- 
tipn of flow of flood waters over the bai^sand it is doubtless the case that for a num- 
ber ^f the reaches here considered the water flows over the banks to low grounds but 
is put down here as flowing parallel to the shore; because the direction of flow is at 
such a^ acute angle with toe shore that the contours are not a precise enough guide 
for determining the actual conditions ; the effect on bank building would be but 
little diflerent, probablv, as it is pretty safe to assume that water flowing ftom the 
basins into the nver will seldom, if ever, come under the above conditions of flew ; 
so that we may assume that waters flowing along the bank and nearlv parallel with it 
have but recently left the river. We find from the tabulations that where water 
flows back to low ground over the banks, at three reaches (representing three sta- 
tions^ the M. B. is nigher than M. H. W. and eight reaches (represeutinff five sta- 
tions) M. B. is lower than M. H. W. Where water is flowing over the banks into the 
river we find one reach M. B. is higher and two reaches lower than M. H. W. Where 
the water flows over the banks and apparentlv parallel to them we find seventeen 
reaches (representing nine stations) where M. B. is higher than M. H. W., eight 
reaches (representing seven statious) where M. B. is lower than M. H. W. and two 
reaches where M. B. is the same as M. H. W. These results show that flood waters 
flowing over bank and nearly parallel with it are the best conditions for high bank 
building. 

6. In cases of tributaries emptying into the river we find that the bank below on 
the tributary side is lower than the oank on the opposite side of the river. At Cairo 
(considering the Ohio River a tributary) it is 1 foot lower; at Helena it is 3.3 feet 
lower; at mouth of White River it is 0.5 foot lower, and at Red River Landing it is 
3.5 feet lower. The banks below mouths of Arkansas and Yazoo rivers were also 
examined and the same condition found to exist ; al Arkansas River the bank on 
tributary side is 0.5 foot lower than the opposite, and at Yazoo River it is 1.5 feet 
lower. It seems probable that the cause for this is that the water of the tribntaries 
is less heavily laden with silt, etc., and, to a certain extent, dilutes the water flow- 
ing along the bank below the mouth from which it empties, and perhaps in some 
cases materially deflecting the heavily laden waters of the main river to the opposite 
bank. 

7. Where blnfEs are on the same side and in the vicinity of the reach we find seven 
reaches (representing seven stations) where M. B. is higher than M. H. W., and 
four reaches (representing three stations) where M. B. is lower than M. H. W. 
Of the first seven oases six were where the reach lay below or mostly below where 
bluffs make back from near the shore, and in the remaining case a point of bluffs 
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comes Dear shore about the center of the reach. Of the foar reaches where M. B. 
is lower than M. H. W., only one lies below where blnffs make back^&om the river, 
and in that ease the reach is 1.8 feet higher than one directly above lying in front 
of the blu£f8 ; one reach in this class lies entirely above the bluifs, the remaining 
two lie in front of the blnffs. Thns we see that where a line of bluffs makes back 
from the river it aids in bank building on reaches immediately below and on the 
same side of the river. This is probably due to the flood Water being confined bv the 
blnfb above, on that side, and spreading out over the flats below the bluffis with de- 
creased velocity. 

8. Taking the differences between M. H. W. and extreme H. W. for the period of 
eighteen years at the fourteen stations, we find the mean to be 4.5 feet. Now, where the 
average M. B. is higher than M. H. W., we have six cases where the above-mentioned 
difference at a station is greater than this mean difference, and only two such oases 
where it is less ; on the other hand, where the average M. B. is lower than M. H. W. 
we find fiye cases where this difference is less than this mean diflerence, and but one 
case where it is greater. This shows that a great range in the elevations of high 
waters at a station is favorable to high-bank building. If we consider the differences 
between M. H. W. for this period of eighteen years and extreme H. W.'s known at 
the several stations, the only effect on the above is to somewhat increase the mean 
difference, but not sufficiently to change any of the above conditions. 

9. Lenstth of time that water remains above M, H, 7F.— For this investigation a 
period of eighteen years was taken, and the mean number of days per year found,, 
during which the flood waters remained above M. H. W. at each of the fourteen sta- 
tions; where observations at a station did not extend over the entire period, a com- 
parison was made for the observed years with the corresponding years for contiguous 
stations having the observations complete, and thns a proportion formed for deter- 
mining the mean for the period of eighteen^ears; the results thus found are probably 
very close to the true result. In most cases a comparison was made with contiguous 
stations above and below, ai^d the greatest difference thns found in the two results 
was three days, other cases differingbut one day. The average period for stations 
where M. B. is higher than M. H. W. is twenty-four and a half days, and where 
H. B. is lower than M. H. W. the average is twenty-one and a half days. Taking a 
mean of this period for all thtd stations, we find that where M. B. is higher than M. H. 
W., at two stations the number of days above M. H. W. isless than this mean, and at six 
stations it is greater ; where M. B. is lower than M. H. W., at two stations it is above 
this mean and at four stations below. For the stations with extreme high and low 
banks we find for the period above M. H. W. at Natchez (the hioUest bank) twenty- 
nine days ; at Fulton (next highest bank) eighteen days; Port Hickey (^next to Ful- 
ton in high banks), thirty- four days; Red River Landing (next to Port Hickey), 
twenty-six days; at Helena (lowest banlOt eighteen days; Arkansas City (next 
lowest bank), eighteen days, and mouth of White River (next to Arkansas City in 
low banks), twenty days. From the above we conclude that in general a long period 
for flood waters above M. H. W. is favorable to high-bank building. 

An examination was also made of the average number of days per year in which 
the flood waters remained above the mean bank at each of the stations. The aver- 
age period for stations where M. B. is higher than M. H. W. is fourteen and one-half 
days, and where M. B. is lower than M. H. W., twenty- nine days. 

For stations with high banks we have in their order Natchez three days, Fulton 
two and one«half days, Fort Hickey seventeen days, and Red River Landing eighteen 
days ; for stations with low banks we have in order Helena thirty-two days, Arkansas 
City twenty-nine days, and Mouth of White River twenty-nine days. Thus we see 
that the present conditions are that stations with low banks are submerged much 
longer than those stations with high banks, although the period for flood waters above 
M. H. W. is generally less for the stations with low banks. We see that the condi- 
tion of long period of flood is to-day favorable to stations of low banks, in comparison 
with those of high, while at some period in the past the reverse has been true. 

Of the nine conditions considered we have found that for one and two, the effect on 
bank building is indifferent ; for three and four in connection, a convex or straight 
bank not caving is favorable to high-bank building, while convex and caving the ef- 
fect is indifferent ; while for straight or concave banks caving, the tendency is against 
high banks especially if the caving is rapid ; for five flood waters flowing over bank 
normal to it are detrimental to high-bank building, while flowing over and nearly 
parallel with the bank is beneficial to high-bank building ; for six, we found the en- 
trance of tributaries detrimental to bank oelow on tributary side wbiie possibly ben- 
eficial to the opposite bank ; for seven, we found bluffs making back from bank was 
beneficial to hign-bank building below and on the .same side or the river: for eighth 
case we found a wide range in elevations of high waters beneficial to high-bank build- 
inir; and for ninth case a long period of flood waters above M. H. W. is favorable to 
high bank building. It is not possible with the data at hand to ^ive with certainty 
a correct ratio to these different individual conditions lu examining their combined 
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effect. We will assume weights, however, as follows : First, for favorable conditioDSf 
convex or straight bank, not caving (1) ; flood water flowing over and parallel to 
bank (^) ; blaffs making back from bank above reach (1) ; ran^e of elevations above 
the mean range (1) : where the number of days that the water is above M. H. W. at 
a station exceeds tne mean for all . stations by from two to five days, (i) ; where 
from five to ten days, (1) ; and where over ten days, (1^) ; second, for nniavorable 
conditions ; concave or straight bank caving rapidly, (1) ; concave or straight bank 
caving (but not rapidly), (i) ; water flowing over and normal to bank, (i) ; en- 
trance of tributary above, (i) ; range of elevations of high water below the mean 
range, (1) ; where the number of days that the water is above M. H. W. at a station 
is less than the mean for all stations by from two to five days^ (i) ; wh^re from five 
to ten days, (1) ; and where over ten days , (li). Applying these weights to the 
conditions for each individual reach and eummating them for each station we get the 
following table : 



StatioB. 



SniQ of weights of 
ooncUtlons. 



Favor- 
able. 



Unfiftvor- 
able. 



Ayerage M. B. above 
or below M.H.W. 



Cairo 

Fulton 

Memphis 

Helena 

Month of Whits Biver 

Arkansas City 

GreenTllle 

Lake Providence 

Yickabnrg 

StJoseph 

Katches 

Bed Biver Landing. . . . 

Port Rickey 

Baton Bouge 



1* 



Above 0. 
Above 2. 
Below 0. 
Below L 
Below 0. 
Below 1. 
Below 0. 
Below 0. 
Above 0. 
Above 0. 
Above 3. 
Above Ic 
Above 2. 
Above 0. 



62fook 
80 feet 
CSfoot. 
40 feet. 
92 foot. 
10 feet. 
85 foot. 
55 foot. 
62 foot. 
75 foot. 
77 feet. 
35 feet 
eofeet 
25 foot 



This table shows that in ail cases where M. B. is greater than M.H. W, the per- 
centage of favorable conditions is greater than that of unfavorable, and where M. B. 
is lower than M. H. W. the reverse is true, with the single exception of Lake Provi- 
dence, where the percentages of favorable and unfavorable conditions are the same. 

At Helena we find the extreme low bank, being 1.4 feet, lower than M. H. W. ; this 
may be largely accounted for by the large volume of water flowing from the St. 
Francis Basin into the river at this station. This flood water having traveled for 
many miles, mostly among timbered lands, has probably lost a large percentage of 
the sediment taken from the river and gathered a small amount from the basin, so it 
is probably carrying a comparatively small percentage when it passes Helena. 

At Natchez we find the maximum height of bank being 3.77 feet above M. H. W., 
and here we find the conditions almost entirely favorable to high- bank building. 

At Vicksburg we find the conditions very favorable were it not for the flood waters 
from the Tazoo Basin ; except for this condition we might expect to find Vicksburg 
with a maximum or nearly maximum height of bank. 

It Ib quite possible that there are other conditions having good or bad effects on 
bank building which have not been noticed in this paper, but it is believed the prin- 
cipal ones have been examined, and it seems, when taken in combination, that they 
explain fairly well the conditions of banks that we find for the several stations. 

The results finally show that the banks may build considerably above mean high 
water where a large percentage of the above-found favorable conditions exist, but 
that at many places there are enough unfavorable conditions to prevent the bank firom 
building to a neigh t equal to M. H. W., so it would seem that the mean bank for the 
river through the alluvial valley is not far from the height of M. H. W., with a proba* 
bility of its being a little higher. 

Very respectfully, your obedient servant, 

C. W. Clabk, 

AtHetant engineer. 

Capt. Chab. F. Powbll, 
Corps of Engineers f 

Secretary Missiseippi Biver Commieeion, 
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LocftUty. 



hi 

I 
1^^ 



Remarks. 



CiOio: 

Mem hi eh water 
above Jiemphis 
datum 1S73-1886. 
lnolaBiTe,322 
feet. 

Bxtreme high wa- 
ter aboTe Mem- 
phia datum, 338.9 



Feet. 



323.1 



t322.8 



tS22.5 



*822.1 



Feet. 
—0.1 



-1.1 



Memphis: 

Mean high water 
abore Memphis 
datom 187S-1S88, 
inofaisive, 228.4 
feet. 



Brtreme high wa- 
ter above Hem- 
I datom, 226.1 



ES' 



:223.3 



§228. 5 



$224.1 



0.8 



—0.5 



0.1 



0.0 



0.1 



—0.1 



-0.7 



Kentacky shore: Mean for 3-niile stretch on Eentacky 
shore-eleTations ftom Gomstock charts, shore slightly con- 
vex, not caving, about one- half wooded, the rest cmtiva- 
ted. No levee or railroad at this date, bui railroad begins 
near the lower end of this reach and lies near shore. 

Missonri shore : From center of Bird's Point to a point 8| 
miles above ; shore cavhig 50 to 75 feet per year, partly 
concave and partly convex ; abont three-fifths of the reach 
wooded, the rest cnltivated ; old levee and railroad aver- 
age three-sixteenths mile back of hank on one-half of the 
reach ; no levee, etc., back of rest of the reach ; the lower 
end of Illinois lies between the gauge and this reach ; on 
lower three-fourths mile of this reach H. W. flows back 
almoitt normal to bank across the point. 

Missouri shore : S-mlle reach, the center of which is 4| miles 
below the gauge; bank straight, no caving; two-fifths 
cultivated, the rest wood ; back of the upper three-foorths 
of this reach is an old bank higher than we present one : 
is about 323 feet high. At upper three-fourths mile of 
this reach, high water flows irom across the point Into 
Khe river. 

Kentucky shore: 3-mile reach, the center of which ia 4^ 
miles below the nuge; shore straight; all woods; bat 
little caving; blufls one-fourth mile back of upper half of 
reach. 

Missonri shore: 3-mile reach, whoee center is abont 4^ 
miles above the gauge; straight shore; slight oaviug; 
mostly woods. 

Left bank: l^mile reach, lower end about one-fourth mile 
above gauge ; bank concave, caving rapidly on part of 
the reach : one-half of reach cultivated, the rest woods; 
contours udieate that H. W. flows across point and isl- 
ands above and into the river along this reach; bluib at 
and below the gauge prevent taking elevationa firom that 
part 

Right bank : 3-mile reach opposite the gaoge ; bank convex, 
slightly caving ; abont three-fourths of reach woods, rest 
cultivated; levee average one-eighth mile back; eleva- 
tions on both sides of levee nsed, out slight if any differ- 
ence of elevations on the two sides of levee ; sand-bar in 
front of the greater part of the reach. 

Left bank : 4-mile reach, the center of which is 74 miles 
above Memphis gauge; bank concave, slightly caving; 
abont two-fifths cultivated, the rest wooded, bmsh, vines, 
etc. ; Ash Slough and Hatchee Lake average one-fonrth 
mile back of the lower two-thirds of this reach ; H. W. 
flows aoroes to Hatches Lake in places; a point of blnfb 
comes to within one-eighth mile of bank near center of 
this reach, bat extends only a short distance near the 
shore. 

Bight bank ; 4-mile reach, the center of which is 7i milea 
arove gauge; bank convex, mostly wooded, slight if any 
caving ; old levee average three-eighths mile baoK of about 
one-half of the reach ; sand-bar In fh)nt of most of the 
reach. 



* This result is from the reach most favorably located with reference to the gange and may be oon. 
aidered more reliable than the other results. 

t A slope correction applied to get these results ; no H. W. slope, directly at Cairo, is known, bat the 
mean for 1880, 1882-1884. fnclusive, from Cairo to Columbus and points above Columbus, was used, thla 
may CMOse a possible error in these results of 0.3 foot or 0.4 foot, but I Judge the error is not more than 
0.1 foot or 0.2 foot from this cause. Elevations for last result were taken from field plats of Mississippi 
Biver Commission surveys ; for the other results, taken from Comstock charts. 

{ This result from reach most favorably located with reference to the gange. 
A alope oorreetkm applied to get these results was found by taking mean of H. W. slopea for 188IL 
^ to 18M, imoloaiTe, anai888-l»8; inclnsive. 



A' 
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LocftUty. 



II 
II 



Kamarka. 



Helena: 
Mean 
above 

datum 1873-1880. 
inoloflive, 101.7 
feet. 



hiffh water 
Memphia 



F&eL 
188.5 



Ftel. 
3.2 



Extremebijth water 
above Memphia 
datum, 107.0 feet. 



101.8 



noo.8 



*100.7 



1.4 



1.0 



Month White Blver : 
Mean high water 
above Memphis 
datum 1872-1880. 
inolnsive. tlCO.O 
feet. 
Bxtremehlgb water 
above Memphis 
datum, 184.0 feet. 



Lake Providence: 

Mean hif^h water 
above Memphis 
datum 1872-1880, 
inclusive, 113feet. 
Extreme high water 
above Memphia 
datum, 114.0 feet 



160.8 



160.8 



J160,4 



:150.4 



112.4 



112. S 



1.1 



0.6 



0.5 



1.5 



0.6 



Bight bank: 3-mile reach, gauge at center of reach; bank 
nearly stmight, cultivated, tome caving at lower part of 
reach ; old levee and railroad near the bank fdr three- 
quarters distance over reach, from lower end tow-head in 
front of the reach ; elevaiions back of levee and railroad 
not used because of grading of streets and of filling caused 
by material washed down fh>m bluffs ; lake and low ground 
next bluffs above Helena ; water from 8t. Francis Basin 
comes to riverjust above Helena in flood season; mouth 
of St. Francis uiver 8| miles above gauge. 

Left bank: 8-mile reach opposite the gauge; bank nearly 
atr^ght, not caving ; about one-half of reach oultlvateo, 
the rest wooded ; old levee will average about seven-eighths 
mile back of the bank ; lakes and low ground between the 
bank and the levee ; a railroad runs directly back ft«m the 
bank near the center of the reach considered : water flows 
over this bank and into Yaaoo Basin during floods. 

Right bank: 3-miIe reach, the center of which is 2i miles 
below the gauge ; bank is straight, mostly cultivated, some 
caving: old levee will average about one-eighth mile rack; 
at flood stage water probably flows over banks into low 
ground back and into white Biver Basin. 

Right bank : 4^mile reach, the center of which is 6^ miles 
above the gauge ; bank concave at upper end, convex be- 
low ; about one-half cultivated, the rest woods ; mouth of 
St. Francis River is at upper end of the reach ; Porter 
Lake and low ground back of central and lower part of the 
reach ; sand-bar in front of the lower end of t ne reach ; 
some caving ; at central 2| miles of the reach contours 
show that at flood stages the water flows over the bank 
into Porter Lake. 

Right bank: 3-mUe reach; gauge about center of reach; 
bAuk straight; lower part of reach caving somewhat: 
willows for 1 mile at upper end; about 1 mile cultivated 
and the rest wooded; no levees; month of White River 
about U miles above the gauge. 

Left bank: 3-mile reach ; op|>osite the gauge ; bank convex 
soDin caving ; mostly cultivated ; old levee near bank for 
1 mile at upper end ; levee below that averages about 1 
mile back; probably at flood stages the water flows over 
bank on 1 mile of this reach and across a point . 

Right bonk : 4-mile reach, the center of which is 2) miles 
below the gauge ; bank slightly concave ; caving rapidly; 
no levee ; about two-fifths of the reach cultivated, the rest 
wooded ; contours indicate that at flood stages the watar 
fluws diagonally over the bank back to low ground. 

Right bank : S^-mile reach, the center of which is 5 miles 
above the gauge; bank nearly straight; mostly wooded: 
caving somewhat ; water apparently flows over bank of 
lower one-half of the reach and back into White River. 
This reach taken to see if the ^Vllite River had apparently 
the effect of decreasing normal height of bank immediately 
below* its month. 

Right bank : Smile reach, gauge at center of reach ; bank 
slightly convex; caving a little: cultivated; levee near 
iMtnk : elevations on each side of levee used in getting the 
moan. 

Left bank : 3-mile reach opposite the gauge; bank slightly 
concave ; cultivated ; levee near bank : elevations on each 
side of the levee were used in getting tne mean ; sand-bars 
in ftont of most of the reach. 



* A slope correction applied to get this result found by taking mean of H. W. slopes for 1880, 1882- 
1884, Inclusive, and 1886-1888, inclusive. 

tKo record for 1878 and 1870, so that they are not included in this mean. 

tA slope correction useil in gettisz these results found by taking mean H. W. alope for 1880, 1882- 
1884, inclusive, and 1886-1888, mdusfve. 
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UmaUtj. 



Bemarks. 



TlekabQig 



]ii|di water 
iibowe Memphis 
datum 1872-1888, 

lllfllllBiT«.0&.8£EM»t. 



XxtramebiKh water 
above Jlemphis 
data m,10L9 feet. 



Mean bl|rh water 
aboTe Memphis 
datnm 187^1889, 
lnolnaiTe,66feet. 

Eztremeliieh water 
alxnre Memphis 
datum, 71.5 feet 



Bed RiTsr Landing : 
Mean hl^ water 
abore Memphis 
datum 1872.1889. 
inclasiye, 08.8 
feet. 

Extreme high water 
abore Huunphis 
datum, 59.2 fMt. 



Baton 

Mean 
above ___ 
datam ISTS-L... 
inclnslTe, 88L' 
Ibeu 

Xztreme high water 
above Memphis 
datum, i3.1 feet. 




Feet 
96.6 



9i.O 



*95.8 



"70.1 



*68.4 



*70.« 



53.8 



5&7 



8a7 



39.2 



FeeL 
—0.8 



1.8 



0.5 



-41 



-2.4 



-4.8 



0.4 



-8.1 



0.0 



-0.5 



Bight bank: 8-mJle reach on Delta Point opposite the 
gauge; bank around a sharp point: rapidly caviuK on 
upper side; not caving on lower side; levee near lower 
mtan bank ; a new bank built out firom lower side of point 
covered with willows ; has some elevations nearly as high 
as main bank; several levees run across the point; nuun 
bank cultivated. 

Left bank: l^-mHe reach, lying below the gauge; bluffs 
along bank prevent using elevations above the gauge; 
bank oullivated : not caving ; blnflb average one-xburth 
back of this reach. . 

Bight bank : 3-mile reach, the center of which is 4| miles 
below the gauge; bank nearly straight; new levee (not 
all built at time survey was made) is one-fourth mile 
back ; cultivated ; some caving; contours indicate that at 
flood stages water flows over bank of the lower mile of 
this reach into low ground. 

Left bank : 3-mile reach, the center of which is 4^ miles 
below the gauge ; bank nearly straight ; blnfi's and rail- 
road back about 1 mile; cultivated ; not caving; sand-bar 
in l>ont ; old levee one-fourth mile back at lower end ; 
Big Bayou empties into river at lower end of the reach. 

Bight bank : 3 mile reach opposite the gauge ; bank con- 
vex ; cultivated ; not caving ; levee near the bank ; ele- 
vations each side of the levee used in getting the mean. 

Bight bank: 3-mile reaclS, the center of which is 3 miles 
below the gauge; bank slightly convex, some caving; 
cultivated ; levee near bank , elevations each side of the 
levee taken in getting the mean. 

Left bank : 3-mile reach, the center of which is 3 miles 
below the gauge; bank slightly concave, slowly caving; 
cultivated except for about one-fourth mile at the upper 
end, which is woods and thick vines ; no levee ; bluflb run 
back from bank above upper end of reach, and at upper 
end are one-fourth mile back. 

Bight bank : 3-mile reach, the gauge being about the cen- 
ter of the reach ; bank nearly straight : slight caving ; 
cultivated above the gauge and woods below ; levee aver- 
ages about one-fourth mile back ; low ground vad lakes 
lie within 1 mile back of bank. Mouth of Bed Biver 1| 
miles above gauge. / 

Left bank : 3-mile reach opposite the gauge ; bank convex ; 
wooded ; not cavinz; levee at lower end and about 1 mile 
back ; contours indicate that above this reach the water 
at flood stages flows over the bank and across the point, 
passing this reach nearly parallel with the shore. 

Biebt bank: 3 mile reach opposite the gauge ; bank nearlv 
i^raight, slightly convex at lower end ; some caving ; cul- 
tivated; ola levee near bank ; elevations on each side of 
levee used. 

Left bank : 3-mile stretch ; 1| miles of it lies below the 
gauge. Bank slightly concave: no caving; cultivated; 
old leveo near bank ;' elevations each side of levee used; 
blnfTs back of upper part of reach. 



* ▲ dope oorreotUm applied to get these results found by taking mean of H. W. slopes for 1880, 1882- 
1884, indualre^ and 1886^1888, Incfislve. 
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Locality. 



II 

I 
II 



Remarks. 



Fnltoii: 

Mean high water 
aboTe Memphla 
datam 1872-1889, 
IndnsiTe, 248.6 



Xxtreme high water 
abcrre Memphis 
datum, 252.Ufeet. 



Arkansas City : 

Mean high water 
above Memphis 
datam,U7.8fe6tt 



Extreme hiirii water 
above Memphis 
datom, 150.22 feet 



GteenTiUe; 

Mean hi^ water 
aboTe Memphis 
datam 1872-1889, 
inclvslTe, 184.8 
feetut 
Extreme hiffh water 
above Memphis 
datom, 186.56 feet 

St Joseph, La: 

Mean high water 
above Memphis 
datum 1R72-1889, 
iuclnsiTe, 79.4 
feet$ 
Extremehiffh water 
above Memphis 
datam, 8451 feet. 

Port Hickey : 

Mean high water 
above Memphis 
datam 1872-1889, 
inolnsive, 42.7 
feet II 



Extreme hifrh water 
above Memphis 
datum, 48.46 feet 



FeeL 
261.2 



251.4 



146.6 



146.8 



183.6 



181.3 



79.3 



81.0 



43.9 



1145.9 



1146.1 



Feet. 



—2.9 



0.7 



1.5 



0.7 



0.0 



0.1 



—1.6 



-1.2 



—3.2 
—8.4 



Bight bank: 3-mile reach opposite the gauge; bank is 
Dearly 8trai;;ht; bat little caving; mostly oaltivated; 
levee near bank ; high water coming across a point ap- 
parently empties into the river just above this reach ; a 
widt) gap in the levee Jost above the head of this reach ; 
elevaUons each side of the levee used. 

Left bank: 3-mUe reach, the center of which in 3 miles be- 
low the gauge; bank nearly straight; about two-thirds 
cultivated, the rest wooded; not caving; bluffs run back 
tnxa shore at the upper end of the reach ; mouth of Hat- 
chee River near lower end of the reach, and head of chute 
of Hatobee Island at lower end of reach ; no levee. 

Eight bank : 8-mile reach, gauge at center of reach ; bank 
concave on lower 2 miles of reach ; upper mile convex and 
Ues Wk of Island 78; railroad and levee near bank ; up- 
per 1| miles cultivated, rest of reach wooded ; some caving 
on lower 1^ miles of the reach. 

Left bank: S-mile reach opposite the gauge; bank con- 
vex ; about one-half the reach cultivated, the rest woodod : 
levee close to bank for upper 14 miles of the reach, and 
averages one-fourth mile oaok of lower 1| miles of the 
reach; but little if any caving; contours would indicate 
that over the central li miles of this reach the water flows 
over tbe bank and across a point at flood stages. 



Right bank: 3-mile reach opposite the gauge; ... 

"' the reach lies on the lower 



_ j bank partly 
concave, partly convex; 'the reach lies' on the lower 
side of a point ; all except the upper mile of the reach lies 
behind a tow-head ; but little caving ; wooded ; no levee. 

Left bank : 3-mile reach : gau A at center of the reach ; bank 
concave; caving rapidly ; about three^ighths of the reach 
cultivated, the rest wooded; levee and railroad average 
about one-eighth mile back. 

Right bank: 3-mile reach; gauge at center of the reach; 
bank slightly concave; one-half cultivated, the rest 
wooded ; but little if any caving; levee will average one- 
ei^th mile back ; upper half ot reach is oaltivated, but 
lies back of a willow bar. 

Left bank: 3-mile reach opposite the gauge; bank convex; 
sand-bar at lower half of the reach; not caving; mosdy 
cultivated ; no levee. 

Right bank : 3 mile reach opposite the gauge ; bank very 
convex ; takes in a sharp point ; caving on the upper side 
of the point 100 feet yearly; no caving on lower half of 
the reacb ; two*tliirds cultivated, the rest wooded ; levee 
will average less than one-eighth mile back of the bank ; 
elevations each side of the levee taken ; cypress swamp 
back of the reach, average a little over one-naif mile back. 

Left bank: 2-mile reach, the center of which is 3| mUes 
above the gauge ; bank convex ; upper half cultivated, 
rest wooded; not caving; no levee. 

Left bank : 2-mile reach, the center of which is 2j^ miles be- 
low the gauge; bank slightly convex; cultivated; no 
levee ; blufis about one-eighth mile back of upper one-half 
mile, then blufib run directly back firom river; lake and 
swamp back of the rest of the reach. 



*Meaa of eighteen years derived ftt>m Memphis, 
t Mean of sixteen years derived from mouth of White River. 
1 Mean of eighteen years derived from Lake Providence. 
Mean of eighteen years derived from Yicksburg. 

n Mean of eighteen years derived from Baton Rouge. Mean of six years at Port Hickey is 46.40. 
il A slope correction applied in getting these results found by taking mean of B, W. 8lox>es for 1880, 
1888-1884, inclusive, and 1888-1888, inclusive. 
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SXTRACTS FROM REPOBT BT BfB. WILLIAM GBRIG, ASSISTANT BNGINSRR, CHIEF OF 
PARTY, UPON DISCHARGE OBSERVATIONS, MISSISSIPPI RIVEB, NEAR NEW MADRID, 
MISSOURI, 1888-'89, AND UPON THE OFFICE COMPUTATION. 

Memphis, Tenn,, September b, 1889. 

• »<*•••• 

The party at this station consisted of one assistant engineer, one steam enf^ineer, 
one steersman, and two boatmen. 

Observations were made npon two sections about 1^ miles apart. The first was 
called the high- water section, and was about 5 miles below New Madrid. At the end 
of the section on the right bank a base-line 4,829 feet long was measured nearly at 
ri^ht angles to the section. On each bank a series of radial signals was set, deter- 
mining lines which intersected the section at points 300 feet apart called velocity 
stations. 8ignals were also set on the section to determine the river width ; the dis- 
tance between these signals being 6,053 feet. Distances from the water's edge to 
these signals were observed each day which determined the river width. In the 
svstem of intersecting ranges^ on the right bank, the pivot signal was 5,302 feet from 
the section and a perpendicular from it intersected the section 1,084 feet from si^al 
" B " on the prolonged section. The other signals were placed between the pivot 
signal and section and on the base-line. Secondary signals were set between them 
to locate the soundings. 

As the lower stages of the river were reached in December, several undesirable 
features developed in the high-water section, the presence of bars near both banks 
made the water too shallow to allow the launch to be used, and caused the current 
to be deflected toward the middle of the river so tnat it was no longer normal to the 
section ; as the water continued falling the bars appeared and a pocket was formed 
near the left bank in which there was no current. It was decidedj tJierefore, to 
change the section, and a low- water section was located about 1^ miles above the 
high- water section. 

The manner of locating velocity and sounding stations was similar to that of the 
high- water section. The points at the end of this section were designated '* Z " and 
**S.f" and the distance between them was 4,141.8 feet. The pivot signal was on the 
left bank and at a perpendicular distance from the prolonged section-line of 1,6% 
feet ; the intersecting point was 1,147 feet from *' X,'' the minimum angle for locat- 
ing the section being 30^ 45^ 

The river rose in January, and on the 19th the high-water section was occupied 
and used till February 13 and then the low-water section tUl February 22. 

Tlie instruments in use consisted of Price meter No. 10, a Morse register, a break 
circuit clock, electric batteries, transit, level, sounding leads, lines, etc. llie meter 
was the well-known Price meter, which had been in use on the river for several 
years. • * * The meter gave no trouble except once when the gutta-percha 
which made the break had worn down so that the electric current was not broken. 
The cutta-percha was removed, as well as the other piece8 which held it in position, 
and then the contact was mode on the remaining hauof the axis. • * * 

Much trouble was caused by the clock, which was a very old one and was firequMitly 
out of repair, at which times a watch was used, the time of beginning being marked 
on the ribbon with a pencil and also that of ending. * * * 

The meter circuit was made through a steel sash-cord on which the moter was sns- 
snspended, and through an insulated copi>er wire which was paid out with the sash- 
cord. A 15-pound sounding lead and a |-inch cotton line were used throughout the 
season. 

Drifting soundings were taken during the highest water, but generally soundings 
were taken without drifting, since the maximum depth waa about 30 feet. 

The meter was suspended from a boom 12 feet long at the stem of the launch, the 
boom projecting over the side and making an angle of about 60^ down-stream with 
the axis of the launch. A steel sash-cord -^j-inoh diameter passed around a reel in 
stem of launch, through a small pulley in the end of boom, thence to an iron rod 1 
inch in diameter and 2 feet long. To this rod the meter was attached, and also a 
lead weight of about 50 pounds. Attached to the top of the rod was a fine steel 
piano wire, which passed through a pulley in the end of a 20-foot boom in the bow of 
the launch and thence to a reel. By paying out proper lengths of standing and guy 
lines the meter could be immersed to any desired depth. * * • 

The coefficients to be used in reducing the registrations of the meter to velocity in 
feet per second were determined by causing the meter to move through still water 
over a known distance at various velocities, the time and number orregistrations 
being noted. A float was anchored in still water, upon which a beam was revolved, 
at the end of which the meter was attached. The beam was of such a length that 
in making one revolution the meter traversed 100 feet. The meter circuit was mftde 
from the oattery to the stand on which the arm was revolved, thenoe to the : 
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tbence back by a copper wire tbroagb the n^gister to the other pole of the battery. 
The clock circait was so arranged that when the revolving arm arrived at a certain 
point the cironit was made and the time registered until the arm had made a revoln- 
tion, when tbe circuit was broken and the time ceased to be recorded. This was done 
by a small brass arm extending up so that the revolving arm could touch it and move 
it till it touched another piece ox brass or nickel and uius made the connection. By 
this method time of beginning and ending could easily be measured to one-twentieth 
of a second if the connection was made during the half second when the circuit was 
made; otherwise it could only be measured to the nearest half second. The revolu- 
tions of the meter could bo measured equally as accurately. • * *■ 

The ratlnff observations were reduced by the method of least squares. The fol- 
lowing are the results of the rating of the meter which were adopted for use: 



Date. 



Nov. a, 1888.. 
Apr. 17. 1888. 



No. of 

obaerva- 
tions. 



8.800 
a 920 



+0.216 
+0.100 



Mean 

error of 

obaerva- 

tions. 



±0.018 
±0.020 



A number of ratings were made but rejected on account of large errors which were 
due to the swivel not turning on its axis in changing the direction of the revolution 
of the arm, and thereby causing the revolutions of the meter to be retarded, and also 
that the brass connections npon which the arm revolved were nearly worn out, so 
that false registrations were made; on April 17 all these errors were eliminated and 
the results are very accurate. 

The formuliB used in reducing were, till December 31, 188d, 

y = 3.86 X -f 0.22, and afterwards y = 3.92 x + 0.10. 

The lead line was tested every morning before using and corrected by retagging if 
in error. It was also tested at close of work and errors, if any, compensated oy cor- 
rection of soundings. 

The number of seconds that the meter continued to spin was noted before and 
after each day's work, and the mean recorded. • • • 

In the final reduction the widths were calculated and the soundings plotted on 
cross-section sheets, as were also tJie velocities. The velocities were reduced by the 
formnlflD adopted and recorded in the note-books. The total area was divided into 
partial areas of 500 feet width ; these partial areas were calculated by counting the 
squares and were multiplied by the mean velocities of the partial areas which were 
taken from the cross-section sheets. The product was the partial discharge, and the 
sum of the partial discharges gave the total discharge, ana this divided b^ the total 
area eave the mean velocity. The counting of the registrations was done m the field 
and checked after each day's work. 

The measurements for velocity were taken at six-tenths depth. The length of the 
observations varied from 150 seconds to 300 seconds, though generally the duration 
was 150 esoonds. The computation of velocities from the given times and registrations 
was performed by means of the tables prepared for the purpose. The resnlts of com- 
putation were copied in a tabular form accompanying this report and also into the 
note-books. 

The gauge-readings correspond to the mean time of observation. The gauge was 
read at the time of beginnin|; and ending of each day's work, which was about 8 a. m. 
and 4 p. m. The rise or fall m twenty-four hours is the difference in the mean gauge- 
reading for that day and the preceding one. 

The computation of datum areas has been made in the following manner: For the 
high- water section the datum was assumed to correspond to the gauge-reading of 25.& 
feet. The datum width was taken as 5,967 feet, that being the measured width and 
gauge-reading on February 27, 1889. The slope of the banl^ down to 20 feet on gauge 
was uniform, also from 20 feet to 10 feet and below 10 feet, and the datum areas have 
been computed by the formala: 

5967 + t<7 
Batum area = (25.6 — h) ^ -f- water area, 

where k = gauge and w = width. 



Note. — For a full description of the meter and outfit and the methods of computa- 
tion, see iLnnuai Report Chief of Engineers, 1887, pages 2821-2823. (Secretary Mis- 
sissippi River Commission.) 
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The formula between 20 feet and 10 feet on gauge becomes : 

5967 4- 5930 , 5930 + to 
Datum area = (25.6 — 20) — ^ h (21) — /*) g^"^ ^**^' *"* 

5930 + fc 
= 33312 + (20 — fc) ^^-—+ water area, 

in which 5,930 feet is width at 20-foot stage. 
For stages below 10 feet the formula is: 

Datum area = 33312 + (20 — 10) ^^jt^^^ (iq — ?*) '"^^^J^ ^ -f water area 

5820 4-10 
= 9206.2 + (10 — h) 2^ + ^^^^ *'®^ 

The low-water section datum was assumed as the surface of the water on January 
18. the gauge-reading being 21 62. The width on that day was 4,023 feet, wbioh was 
taken as the datum width. The slope of the banks change at 20 feet. 15 feet, and 10 
feet stages, and the widths at these stages are 4,009 feet, 3,965 feet, and 3,911 feet. The 
formula used is : 

Datum area = (21.62 — k) ^0^3 + w +^ater area. 

Between stages 15 feet and 20 fleet the formula beoomes : 
DatDin area = (21.62 - 20) 4023 + 4009 + go - ») ?M ±J? + water area. 

= 6506 + (20 — fc) + 4009 -I- w ^ ^ater area. 

A 

Between 15.feet and 10 feet : 
Datum area = 6506 + (20 — 15) ^OO^ 4- 3965 ^ (15 _ /^j 3965 -fw _^ ^^^^ ^^^ 

= 26441 4- (15 — K) ^^\+ ^ -f water area. 
Below 10 feet: 
Datum area = 26441 -f (15 - 10) ^^ t ^^^ + (^0 - fc)5?^^;±^ 4- water area 



= 46131 -h (10 — A) ^^^^ + ^ 4. water area. 



Mean depth has been obtained by dividiug the water area by the width, and mean 
datum depth has been obtained by dividing the datum area by the datum width. 
Maximum depth was taken directly from the notes. Scour or fill has been obtain^ 
by taking the difference of the datum areas ; scour is indicated by the positiye sign. 

The direction of the wind is indicated by dividing the horizon into twelve parts 
and numbering the parts the same as the hours on a clock dial, XII being up-stream 
and indicating a down-stream wind. 

A plot has been made with the mean velocities and discharges of both sections as 
ordinates and the gauge heights as abscissas. The scales for each system are shown 
on the plot. • • ^ 

Herewith also find a tracing showing the location of the sections. 

The entire work has been checked in various ways and great care has been taken to 
eliminate all errors of computation. 

« tf II • « -^ • 

Capt. Smith S. Lbagh, 

Corj^9 of Engineeri, U. 8, A,, 

MemphU, Tenn, 
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EXTRACTS FROM RBPORT OV MR. WILUAM GERIG, ASSIBTANT KNOIinElSR; UPON OFFICM 
RSDUCnON OF DISCHARGK OBSBRVATIOMS, MISSISSIPPI RIVIER, AT HBUENA, ARKAK- 
8A8, 1888-^69. 

Memphis, Tenk., February SO, 1890. 

• • • • » • • 

The oo-effloients to be used in redaoing the regiBtrationB of the meter to yeloeity in 
feet per second, were determined by oaosing the meter to move thronffh still water, 
oyer a known distance, at yarioos veiooities, the time and number of registrations 
being noted. 

• • • • • • • ■ 

The obsenrations * were reduced by the method of least squares. * * ^ In the 
final reduction the widths were calculated and the soundings plotted cm cross-section 
sheets, as were also the yelocities. The total area was diyided into partial areas and 
these were calculated by counting the squares, and were multiplied by the mean 
yelocities of the partial areas which were taken from the cross-section sheets. The 
product was the partial discharffc, and the sum of the partial discharges gaye the 
total discharge, and this diyid^ by the total area gaye the mean yeloeity. The 
counting of mb reffistrations was done in the field andchecked. The results of com- 
putation were copied in a tabular form accompanying this report and also into the 
note-books. The gauge-readings correspond to the mean time of obseryation. The 
gauge was read at the beginning and ending of the day's work. The rise or fall for 
twenty-four hours is the difference in the mean gaage-reading for that day and the 
preceding one. 

The computation of datum areas has been made in the following manner : The 
datum was assumed to correspond to the gsnge-readiuff of 38.83 feet ; tne datum width 
was taken as 4,818 feet, that being the measured width and gauffe-readlDg on March 
S, 1889. The slope of the banks down to 21 feet on gauge was uniform, also from 21 to 
lyfbet^ fh>m 19 to 13 feet, and below 13 feet, and the datum areas haye been computed 
by the formula: 

4818 -4- w 
Datum area = (32.32 — h) ^ 1- water ana, 

where % s= gauge and lo = width. 

The formula between 21 and 19 feet on gauge becomes: 

^ 4818 + 4700 4700 4- w 

Datum areas (38.32 - 21) ^ + (21 — A) ^ ■ + water ana 

= 63872 -I- (21 — fc) ^Z??ii?. -I- water area, 

in which 4,700 feet is the width for 21-foot stage. 
For stages between 19 and 13 foet : 

Datum siea = 63872 .K21 - 19) ^I?^±^^ -K19-*) ^^±-2 + water 

= 61964 -f (19 — ?^) ^^^+^ + water ara% 

in which 3,398 foet is the width at 19-foot stage. 
For stages below 13 feet the formula becomes : 
Datumarea=61964 + (19-13)^A^+(13-») ^^ + ^ 4- water 

as80255-K13 — >) ?^^^ . -f water ara% 

in which 2,706 feet is the width at 13-foot stage. 

* For date of obseryations, etc., see Mr. Sturteyanf s report herewith. 



APPENDIX WW — ^REPORT OF MISSISSIPPI KIVER COMMISSION. 3159 

The mean depth has been obtained by dividiDg the water area by the width, and 
the mean datnm depth has been obtained by dividing the datnm area by the datam 
^dth. Maximum depth was taken directly from the notes. Soonr or fill has been 
ootained by taking the difference of the datam areasi sconr indicated by the positive 
sign. The direction of the wind is indicated by dividing the horizon into twelve 
parts and nnmbering the parts the same as the hoars on a clock dial, XII being np- 
stream and indicating a down-stream wind. 

The entire work luw been checked in varions ways and great care has been taken 
to eliminate all errors of computation. 

Capt. Smith S. Lbach, 

Owy* ofMiigin«er$, U. 8. A., 

MempMs, Tetm, 



^3160 REPORT OF THE CHIEF OF ENGINEERS, U. S. ARMY. 



^ 




». 




^ 




e 




s 




.s 




i5 






,_ 


: d 




'^ 


-S 


X 


^ 


Si 


1 


:^ 


2 


2 


•H 


•S 


k 


5^ 


^ 



I 



II 



PS. 









t 



u 



!^l 



II 



•2P ^ 



i ^ »- a g 












^> 



\S£^^^ 3 






Mil 



S ^ -** -ill lo 



S* :7 f I 






jg I- 1- 1- 1- 



CIC4C10 






m^i 






CO o ca oc ir co" 






+1 1+1+ 






oooooio 
CO «4> r-^ r>: 00 00 



CO C3 M CO CO CO 



ObiHiocoioeo 



SStftSirsS 






mm 



Vco<«i! Vc>5 



gg|SS 



I++I I 



iiiii 



OOdCOO 

,J .^ ^ ci e>i 



co^r>«o«o 

CO CO CO CO CO 



rHC0e<llO« 



is?§a 






eoicrarafvHc^ar 



f-i ^ o 00 ra la '<«• 

A A QD SS 00 Cft 00 
CO CO CO CO CO CO CO 



i-H-i + l I 



O000»t-Pf 



c^eoooeoo 

V QD to V O w w 



^ «0 t* to t- ■<* CO 
tri ^ r-i ^ fi mi wi 
CO 00 CO CO CO CO CO 



aooot*ou3^ 









§siSs§ 



§ll§§§ 

00 CQ^^-^^ 



I + I-H-+ 






0090000 



•N^dce^oo 

CO CO CO CO CO 00 



ooeoco^fH 



SSSSioS 






S.2«§ 



.2 



I 



**Oe>i-irHi-4»HtHtH.H . 

(^ I I M I I I I I I I I I I I 



ooooooooooooeoeooeppoo 

IIIII I +++++7-++++ 






afes-^' 



I 09 ^ lO tD t« 00 ei o 



S;^SSSSS^S3S$^§;8SS3SS;89S;S 



I 



APPENDIX WW — ^BEPOBT OF MISSISSIPPI RIVEB COMMISSION. 3161 













§§§§§il 






^^^ 
^^-« 



I ++ I ++ 



+1 1+ 






7+1 1+++ 



-r r^ Cf 

i+l+l I 



of 

++I 





















rf« 



oe«t-oaoeo 



OMOOOIO 



«oeo 



wsieiooooo 



SS2eE:f:g 



S 



^^^-^■^ 



^si 









ioeat*co«r*69 






^ « 



•or-oflftoev 









ceMSe$c«Me4 






64 CO 00 



-I 
111 



liiiii 



§§ii 






S|fe§"|gS" 









-1 












CO O CO 40 CO So tr~ 

^ip-^coeomm 






lit 



TTTT M I I I ++++++++++++++++ 1 



11 I I I I ++++++ I I +1 I I I I I 






I 



i 



3162 BBPORT OF THE CHIEF OF ENGINEERS, U. S. ABMY. 



I 



I 






I 

l' 
I 






ll 



g a 



4i 



l-a 



II 



'p. 



: ki a 







iJj'i^t^ iiJ^ga AJ.BS1A iafi J idd^ati 

MMPit>?H ho^SSm IXH^HMM l>»>»iit>- c. t>-HHjlSS 



I 



II 



la 






Willis 






+4- 1 + I + 






ooceooo 















urn 












C9coeiooo 



sisss 



si^ssi 















+1 l+l I 



00 00 00 ^c*F* 



lOOOOOO 



CQ OQ 00 6Q CO CO 






g§s§i§ 



fH ^4 f-l iH iH r^ 



SSSgSs 












CQiOOOlOO 






coe»aoaoci<« 









§8eS§S 









l + l I 



+ 1 






OOiOOiOO 






ooeoooie 



I-* *-• tH fH wi^ 1^ 









.SSSS88SSS88SSSS383S9S39SS8SSS9SSSSC 



I 






s;:ss:!^s»sd^ss88 



APPEHDIZ WW — BEPOIBT OP MISSISSIPPI RITEB COMMISSION. 3163 




fls§ 






ills 






«^Eit! 






S3 






++ 






firi 



dsf 



ig§§ 






s§§a 
I+++ 






tiiitiii 



sf^tftf 






S§fsS3 






§iis§a 

C0C9 CO 00 00 CO 















§iis§§ 






^g<E:iS'^ 



edtDOOODtD 






n^n 

'm^^'* 



1^+1 












f(t<9(l( 



*t 












(OrHCSCI 



gS32 















mi 






2S 









iS§S§§ 






8«8S38SS8a8968SS83&38S9s3SSSS$S!!38!Se88SS9 



8e8t!«98aR888S8888888Sae9S833983SS3Se8Sa&3 



aJiiBiiaSSa'^"-*"*'^"* 






3164 BEPOfiT OF THE CHIEF OF ENGINEERS, U. S. ABMT. 

III 



^ 



I 



It 

ll 
I € 



1 
i 









5| 






t 



I 



If 



II 



^s 



88 
«4. 















ss^s; 









. •<) CO rH • 00 






I++ + 



^8868 8 
|9^ j« 9 



«8S«; 8 



APPENDIX WW — BEPOBT OF MISSISSIPPI RIVER COMMISSION. 3165 



XEMORAKDA TO ACOOMPAKT TABULATED RB8T7LTS OV FINAL BEDUOTION IN SBCRB- 
TABT'8 OWnCE, BOSODBSIPPI BIVBB COMMISSION, OF DISCHABGB OB8EBVATIONS 
MADE OK THB MISSISSIPPI BIVBB AT ARKANSAS GITT, ARKANSAS, 1889. 

OCTOBBB25y 1889. 

The notes of these obflerratlons were received from the third district in May, 1889, 
fbx lecompntation.' 

A man of the locality drawn to a scale of 1: 7S0O accompanied the notes. This map 
shows tne discharge section at apparently the same place as it was in 1884-'85, and 
also i^ws the arrangement of fixed signals on shore by which the sonndinff and 
velocity stations were located. The sounding stations were at intervals of lb feet 
across the river, every fonrth one being also a velocity station. The water's edge at 
each bank was located by measuring from the section hub on that bank ; this also 
determined the river width for that day. 

All the velocities of this series were measured with the W. G. Price current meter, 
No. 5 ; for a description of the Price meter and outfit, see Report Chief of Engineers, 
WffI, page 8821. The chronograph slips did not accompany the notes ; the resistra- 
tionsy however, had been counted in the field and recorded in the notes and the re- 
Bolts were adopted in this computation. The observer states that on February 22 
and 23, no paper bein^ on hand, the revolutions of the meter wheel were found by 
watching the registering points. 

Three sets of rating observations were made with this meter at Arkansas City dur- 
ing the season ; the results of reduction in this office by the usual method are given 
in the following table : 



Sftteof 
obMrvatkniA. 


No. of 

obeerva- 

tlons. 


a 


b 


Meu 
error of 
obaerya- 

tions. 


Metti 

error of 

a 


Meui 

error of 

b 


• BemorkB. 


Deo. 4, 1888... 
Feb. 27. 1889.. 
Mill; », 1890. 


12 
16 
22 


8.7989 
3.9921 
8.8m 


+ai948 
-f0.0187 
+0.0786 


±0.280 

d:0.188 

±0.238 


±0.121 
±0.109 
±0.076 


±0.215 
±0.166 
±ai46 


In ruBBlnff water. 
Da 
Do. 



These results were combined by weighting a and h inversely as the squares of the 
mean errors of a and h in each series ; the resulting equation, y =3.8712 x + 0.0816, was 
used in computing aU of the 1889 series of discharges at this station. 

(In 1884-^ six sets of rating observations were made with this meter ; the results 
are published in Report Chief of Engineers, 1887, page 2815. Also a set of rating 
olMKTations was made with this meter near Wilson's Point, La., July 4, 1889 ; the 
results are published herewith.) 

The computations of areas of cross-section were made and checked in the manner 
described at length in Report Chief of Engineers, 1887, pages 2823-2826. There were 
no lead-line corrections and the soundings were taken directly from the note-books. 

The discharges were found bv the method described in the report accompanying 
the final reduction in Secretary's office of the Carrollton observations of 1883. In the 
present series, however, the meter was usually run at six-tenths the depth fironi the 
Borfisoe. and nir 150 seconds. 

The datum areas were computed in the following manner : Datum was assumed at 
41.73 feet on the gauge ; this was the elevation of datum in 1884-^85 and was adopted 
in this work in order to conveniently make comparisons between the different series. 
Datum width was taken as 3,395 feet. The width at 35.25 feet on the gauge was 
taken as observed, as 3,373 feet ; at 29 feet, as 3,363 feet, before February 15 ; after 
that date as 3,352 feet ; at 22.67 feet, as 3,321 feet. The following formulas were used 
in computing the datum areas, in which h represents gauge-reading and w observed 
width. 

Between 29 and 35.25 feet on the gauge : 



Datomaiea 



3395 -4- 3373 3373 -4- w 

s: (41.73 - 35.25) ^ + (35.25 — k) y + water area 

=21928 + (35.25 — h) — ^p^ -f water area. 



Between 22.67 and 29 Iset on the gauge : 



Datum area' 



otoou./o*:or .w.. 3373 +'3352 . ,^ ,, *3352+w . ^ 
s 21928 -I- (35.25 — 29) ^ -f- (29 — *) ^ 1- v*ter area 



= 42944 + (29- 



■ *) 2 + water area. 



* 3363 was used prior to February 15, 1889." 



3166 BEPOBT OF THE CHIEF OF BNGIKEES8, U. S. ABMT. 

Below 22.67 on the gauge : 
Datam ftroa=42M4 + (29— 22.67) ^^i^^+(22,67—*) x^^*^+w»(WMe» 



1 64064 + (22.67 — A) —5^ + water awa. 

The gange nsed was the standard gange at the elevator. The gaage inspeeton^ 
level notes of September 7, 1887, and October 4, 1889, show that this ganee was O.S 
foot too high, and all the records between those dates have been corrected oy adding 
0.2 foot to each reading. The zero of this gauge is 116.44 feet above the Cairo datum 
plane, survey Mississippi Biver. i 

The gaiige-readings given for days on which the discharge section was sounded 
correspond to mean time of observations ; for other days the mean daily leadinff is 
given. The rise or fall in preceding twenty-four hours is derived from the reguar 
record. ' 

The maximum depths have been taken directly £rom the soundings. 

The direction and force of wind have been copied fh>m the notes ; the direction is I 

indicated by the figures of a clock dial, XII o*clock being np-etream and denoting a I 

down-stream wind, VI denoting an up-stream wind, etc. I 

The flffures following the direction evidently indicate the velocity in miles per | 

hour as they agree with Traut wine's wind-table which had been copied into one of 
the note-books. 

The mean velocities, mean depths, mean datum depths, and soonr and fill haTo i 

been computed in the usual manner. ' 

Accompanying the tables are two plates. On one is the map of the locality, and on 
the other the discharges, areas, and mean velocities as abscissas have been plotted to I 

gauge heights, and the datum areas and gauge record nlotted to time abscissas. On | 

the latter plate are also plotted two profiles \if the discbarge cross^section. , 

Besults of other discharge observations at this station are published as follows : 
October 6, 1884, to April 9, 1885, gauge-reading from 7.42 foet to 41.73 feet ; report ' 

Mississippi Biver Commission, 1887, pages 283^2840. 

" 3363 was used prior to Februaiy 15| 1889. 
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MJCMOBAia>A TO ACCOBfPANY TABULATED RESULTS OF FIHAL RBDUCTIOK IN SECRE- 
TARY'S OFFICE, MISSISSIPPI RIVER COMMISSION, OF DISCHARGE OBSERVATIONS 
MADE AT WILSON'S POINT, LOUISIANA, 18r:j-1890, AND AT BREAK IN SKIPWITH 
LEVEE, MISSISSIPPI, 1890. 

The discharge section was located at Wilson's Point Landing in November^ 1883, 
and the same location, or about the same location, has been used throuffhoiil the 
different aeries to May 7, 1890. When first located the section crossed the head of 
Cottonwood Bar, but owing to the movement of the bar down-stream the fors^ mi 
the section has changed, and the caving of the banks has also increased the widtfr«4r 
the section. 

The methods used in this reduction are essentially the same as those heretofore- 
employed in this office and fully described in the Annual Report Mississippi River 
Commission, 1^7. A slight change, however, has been made since that report in com* 
pntinff the discharge, which has been found throughout this work as follows : 

Eacn partial area was multiplied by the total number of meter registrations at the 
corresponding velocity station, and the sum of these products, after oeing reduced to 
registrations per second, was multiplied by the meter constant a/ to "uiis product 
wa8 added the product of the total area into the meter constaut h; the sum of these 
giviug the total discharge when the meter had been run at the standard six-tenths' 
depth from the surface. 

The datum line was assumed at the same elevation throughout the different series 
41.83 feet on the local gauge. 

As the observations oi the different years were not all under the same direction^ tb» 
notes pertaining to the different periods are given as follows : 

1883-1885. — Mr. £. D. Thompson, assistant engineer, chief of party . 

A report on the field work of these observations to September 17, 1884. was pnb«- 
lished in the report of the Mississippi River Commission, 1884, page 270. The results 
of the first computation were published in the reports of the Commission, 1884 and 
1885, pages 274 and 296b, respectively. 

A copy of the field-notes of the whole series was received from the office of the third 
district in 1886 for recomputation in this office. Tracings of the cross-sections bad 
previously been received from the third district, drawn to a scale of 1" = 20' vertical 
and 1'' = 200' horizontal; the plotting of these was checked from the copy of field- 
notes above referred to, and made to agree with them. 

The notes do not contain any record of tests of lead-line ;and give no load-line cor- 
rections. 

The W. 6. Price current meter No. 4 was used in measuring all the velocities^ Hbm 
registrations or half revolutions were indicated by a telegraph sounder. 

Observations were made for rating the meter November 26, 1683; February 25, 
1884 ; April 12, 1884, and January 12, 1865. 

All of these observations have been reduced in this office by the method of least 
squares ; the results are given in the following table : 



Date. 



November 26, 1883 
Febnuury 25, 1884 . 

April 12, 1884 

January 12, 1886.. 
January 12, 1885.. 



No. of 

observa- 

tiona. 



2.1068 
2.1487 
2. 16805 
2.06143 
1.98372 



—0.076 

+0.2560 

+0.00157 

+0.1348 

+0.2195 



±0. 1573 
±0.3577 
±0. 1021 
±0.0448 
±0.1600 



±0.04016 

±0.2103 

±0.0840 

±0.0135 

±0.0561 



±0.106I> 
±1.4706 
±0.0260 
±0.0254 
±0.1148 



The results of all these sets of observations were combined, the different values of 
the constants being given weight inversely as their probable errors, and thefi:>llowing 
7*e8ulting equation was used in computing all the discharges : 

y= 4- 2.08 a? -f 0.0703. 



In discharge observations up to and including January 13, 1885, the meter had 
been run at mid depth, after that date at six-tenths depth from the surface. 

It was necessary to correct the discharges so obtained up to January 13 to cone* 
spend to six- tenths depth velocity ; and for this purpose the co-efficient (0.963) was 
itdopted and applied. This ratio is based on the experimental work of 1882 9X Helena^^ 
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Hays Landing, aud Red River Landing. (See leport MiaaiMippi River Commission, 
18S4, page 18».) 

As stated in the field report the velocity stations and soondings were definitely 
located, bat freanently the notes were insufficient to locate the water's edge, and 
in such case the width of river was taken from the sheets of first compatation. 

For obtaining the areas of cross-sections, soandings were scaled from the plotted 
sections at each velocity station and at points midway between the stations ; the 
sum of the distances between soandings was made to agree with the water width 
given in the notes. From these the areas were compnted in the nsaal manner. 

In compating datam areas, datum widths were assumed at 3,472 feet from Novem- 
ber 27, 1883, to February '29, 1884, and 3,484 feet from March 3 to Biay 27, 1884, on and 
after Jane 11, 1884, at 3,520 feet. These changes in datum widths were necessitated 
by ohauffe of river width caused by caving banks. The datnm areas were computed 
by the lollowing formula: 

Datom area =: (41.83 — h) "^ + water area. In which w represents datum 

width, it' water width, and h reading on local gauge. 

On January 26, 1885, two sets of velocity obMrvations were made, one in the fore- 
noon and one in the a^moon ; the latter set show a large increase in the channel 
▼eloeities. The observer states that the conditions under which both sets were made 
were apparently the same. Discharge for each set has been computed separately, 
using the same water area, and the results are given separately in the table. 

18H7-^88. — Mr. Arthur Hider, aesiatant engineer, chief of party. 

1889.— Mr. £. C. Tollinger, assistant engineer, chief of ptvrty. 

Datum width was taken as 3.555 feet for 1887 and 1888, and 3,646 feet for 1889. For 
the obsM^ations of lH87-'88 tne first computation of water areas was checked by 
planimeter measurements, the sounding notes not being obtainable, and the water 
widths were scaled from the plotted cross-section. 

The results of reduction in secretary's ofilce of observations for rating the meters 
that were used in observing velocities are given in the following table : 



Dengnatloii 


DateftndlooaUty 


Number 

of 

obserra- 

tions. 


• 


b 


error of 

obfterTft- 

tions. 


Mean 

error of 

a. 


Mean 

error of 

b. 


Kotfrtren... 
Not given — 
Ptioe»Ko.5.. 


AprillS, 1887. Old Mtot 

AprU^ 1887, Old BiTW 

Jnly 1 1880, near A«b. 
ton, La. 


10 
lA 
11 


+1.9921 
+1.8941 
+4.07M 


+•.3769 
+0.3448 
+0.0417 


±0.0825 
±0.0«71 
±0.1735 


±0.0251 
±0.0146 
±0.0810 


±0.0832 
±0.0403 
±0.1341 



Combining the results of April 18 and 23, 1887, by weighting the constants in- 
versely as the squares of their mean errors, we have 

y = 1.9186 « + 0.353, 

which was the equation used for reducing the observations at Arkansas City and 
Wilson's Point, 1887 and 1888. 

For computing discharges, Jnly 3-^, 1889, the results of rating July 4, given in 
the above table, were used. 

1890.— Mr. F. P. Spaldiuff, chief of party. 

The results were obtained in the usual manner, except the discharge over bank east 
of section, which the observer states ** was obtained by taking met«r observations 
and soundings at approximately equal distances and averaging them to give a mean 
velocity and depth. The measurement of this discharge wss not made on line of 
the section but in three separate parts.'' The results of the overflow discharge are 
from the field computation, the observation notes not having been received. 

For Telocity observations of January 28 and 31, and February 11 and 12 (except at 
one station on February 11), Price current meter No. 4 was used ; the field-notes state 
that results of a rating previously made at Ashton are, y s-s 1.921 x + 0.321, in which 
y:B velocity in feet per second and x ^ registrations of meter per second. These 
values for this meter have been adopted in &e final reduction. 

For aU other velocity observations Price meter No. 5 was used ; 3 sets of rating ob- 
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servations were made with this meter daring the Beaeon, the resalis ot which, derived 
from final redaction in this ofScCi are given in the following table : 



Deeig- 

llAtAOn 

of 
meter. 


Date and locality of rating ob- 
serratioofl. 


No. of 
observa- 
tions. 


a 


b 


Kean 
error of 
obserm- 

lion. 


Mean 

error of 

a. 


Mean 

error of 

5. 


Price) 
meters 
No. 5. J 


Feb. 5. 1800. Banoansby, Miu. . . 
Feb. 26, 1890, Wilson'^ ^oint, La. 
Apr. 11, 1800, WilAon't Point, La. 


*21 
t24 
*20 


8.7681 
3.7650 
8.701 


+0.271 

+0.2620 

+0.2042 


±0.124 
±0.048 
±0.145 


±0.087 
±0.027 
±0.084 


±0.161 
±0.045 
±ai32 



* In still water. 



t In running water. 



It is reported that this meter was taken apart and cleaned on Febraary 11, there- 
fore the resalts ot the first rating were used in compating discharges to Febraary 11. 
For river discharges after that &te the eq nation y = a. 7675 x -f- 0. 2479 was used ; this 
was obtained by combining the resalts of ratings made Febraary 26 and April 11, 
giving weight to the valnes of a and b inversely as the squares of their mean errors 
in the two series. 

For compatinff discharges throagh the break in Skipwith levee, since the veloci- 
ties were low, the resnlt^ of April 11 rating were nsed, as they agree more closely 
with former ratings of this meter where low velocities were observed. 

Datam was assumed at 41.83 feet on the local gauge as in computation of previoas 
Wilson's Point discharge measurements. 

Office Secrbtabt Mississippi River Commission, 
May 30, 1890. 
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rkport of gaftain chables f. powbll, corps of en6ii<nekbs, in chargk of 
surviey of the mississippi bivsr. 

Mississippi Rivsr Commission, 

Officx of ths Sbcrbtart, 

St» LauU, Mo., June 5, 1890. 

The field work of toponaphy and hydrography was resumed in early Augatit, 1889, 
at nexfc above Chester, IB., and carried to Alton, 111., by the end of November, when 
the work was stopped for the year, making 94 miles of main river and 22 miles of 
old river and tribataries. A report of operations by Mr. C. M. Winchell, chief of 
party, is attached. 

The topo^aphic and hydrographic field work is now continued from Donaldson- 
ville. La. The triangnlation, redaced, still ends at Keokuk, Iowa, and the precise 
levels, also reduced, at Fulton, HI., 179 and b50 miles, respectively, above Alton. 

Of the mapping, the manuscript detail sheets were finished to Chester, and about 
one-quarter of the twenty-six sheets from Chester to Alton completed ; four of 7-inch- 
mile manuscript sheets, Cairo to Alton, were partly drawn, and the ten new-edition 
sheets of the same scale, below Cairo, were completed ; the preparation of the manu- 
script detail sheets lor reduction and publication as sixty-nine charts, scale 20,000, Don- 
aldsonville to near Commerce, Mo., which work was in hand at date of last report, 
was completed, and the last material forwarded to the printer some time a^o ; the ma- 
terial of six sheets out of seventeen, from Commerce to Alton, was partly prepared. 

Of the published charts, editions of thirty-six numbers of the 20,000-scale series were 
coflonleted, leaving fifteen from Donaldsonville to Commerce to be printed, which should 
be all done by August. The work of photolithographinff and printing the ten new edi- 
tion inch-mile charts was awarded in succession to the lowest three bidders ; the first 
two £ftiled after reasonable trial to furnish the required quality of work and the job 
was withdrawn from them. Chart No. 1 is now printed, although the edition is not 
yet received ; and work has been begun on four other sheets. 

The gauge records of the river and tributaries, except the Missouri for 1887 and 
1888 and 1889, were published in two volumes of stages, etc. The reductions to the 
Dresent engineer gauees of ^auge readings preceding 1880 at Cairo, Vicksburgh, and 
Natchez were carefully revised by a study of all the notes of the connections at times 
of gauge shiftings or re-establibhments. It was found from the records that the 
Natchez readings before 1860, as published in the report for 1889, were generally a few 
tenths too large, and that the highest reading, that for 1862, was 49.9 instead of 50.3; 
also that the Vioksburg high-water readings before the same year were each 2 feet too 
large, and that the published 1862 reading of 51.2 was somewhat doubtful, one author- 
ity placing it less than 49.3 and one connection at 49.1. At Natchez there is one link 
of the reduction of the Delta-survey gauges not verified. Search was made for data 
and some found for reducing the Delta-survey gauges to present gauges at Columbus, 
Lake Providence, and Red Kiver Landing, but the results are not considered reliable 
and are therefore not quoted. 

Captain Willard, in charge of water-gauges on the Mississippi, has obtained the 
old Delta note-books, and has kindly undertaken to go over the whole matter, have 
search made from, the old benches, and new levels run to the present gauges. It is 
expected to subsequently publish, when the matters are definitely settled as far as 
poBsible, a new table of the highest and lowest yearljr gange readings at the different 
stations, correcting at the same time some typographical errors in the table of last 
wport. 

After the conclusion of late New Madrid discharge observations, for which a party 
and instruments were sent from here at request of the first district engineer, this 
party leveled from the New Madrid gange to the precise benches at Tipton ville for 
decking the reduction of that gauge zero to the datum. The 1890 high-water slope 
around the bend at this locality was also determined by the party. The plot of the 
adopted hish- water grade line of 1889 appeared anomalous at New Madrid, and it was 
desired to clear up the matter. A small change resulted from the leveling in the eleva- 
tion of the gange zero, and the point of change of slope in the actual high-water line 
wasfoimd to be a few miles below the gauge ; otherwise the irregularities noticed in 
tbe plotted grade line proved to be apparent only, and the good explanation for them 
nmaining is the circumstance of high banks along the bend, and the fact that the river, 
as in no other place in its whole length, flows north, or directly against its flood plane 
for 10 miles, thereby elevating the water for increaised head, and giving more slope 
when resuming the direction of the flood plane. 

The tide gauge records at Biloxi, Miss., was reduced, tabulated, and plotted; they 
were also examined in connection with the Signal-Service observations of wind, at- 
mospheric pressnre, and rain at New Orleans, Port Eads, and Mobile with the result 
that wind especially and atmosphere have had appreciable effects on the observed 
elevations of the water surface, but that it is impracticable to measure by the record 
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their variations from the mean effect of these elements. It appears that the arith- 
metical mean of the moothly mean gauge readings will give the best valne, from the 
observations, of mean Golf level; this mean is aboat 0.3 of a foot less than the pro- 
visionally adopted valae. Since the monthly means are rather discordant, it is 
desirable by multiplying the observations to use those for nearly one year whose 
consideration had been omitted on account of an irregularity in their record. An 
effort is to be made to discover the amounts of the irregularity and therefore the 
proper corrections. 

A volume was published during the year of data of permanent points of the river 
survey and gauge bench-marks below Cairo whose elevations have been determineil 
for convenient use in the field and to butter secure reductions in local surveys aud 
leveliugs to the geueral survey datum; several copies of the volume have been fur- 
ninhed the district officers and levee engineers. A compilation is being made from 
all notes and reports of locations, descriptions, and elevations of flood marks or 
benches, more particularly for use in leveling to lat«r flood marks, a great many of 
which were made of the late high water, and whose descriptions have been kindly 
furnished by numerous volunteer observers or agents detailed by the district and 
levee engineers. 

Of the more permanent ptrscnnel on the river survey, Mr. C. W. Clark has con- 
tinued as principal assistant in the drawing division, and Messrs. J. A. Ockerson and 
C. M. Winchell have been connected with the topographical part. Messrs. Wood, 
Maltby, Connet, and French, topographers, left the work for more lucrative or per- 
manent employment elsewhere. Mr. Dunaway, formerly rodman and recorder, bnt 
retained in the office topographical division, and Messrs. Field and Ritter, levelers, 
also left ; it is expected that the latter will return in time for the next field season. 

The survey fleet, consisting of the steamer Pa^roZ and two survey boats, belonging 
on the Commission property return, and a steam-launch, are laid up in Alton Slough. 
The pieces are in good condition and ready for service. 

By having a steamer with the survey party last season the work was made to pro- 
gress up-stream and to be continuous ; short and frequent moves of the survey boats 
were permitted, thus materially saving time in going to and from the daily work. 
Two moves were made last season without the aid of the Patrol, as it was necessary 
to dock her and make repairs below the water-line. A careful comparison of actual cost 
of field work by having the steamer with the survey boats and not shows a small de- 
crease for the former ; another advantage is more room for drawing, etc., when in the 
field. 

The balance of funds on hand increased by $^5,000 will permit, it is estimated, (1) 
the publication of maps to Alton ; (2) extension of precise levels to Dnluth, including 
reduction ; (3) publications of maps for 125 miles beyond Alton, including needed field 
work therefor ; and (4) triangulation and its reduction for 50 miles. There is call for 
the levels from the upper-river improvement work, and when tiiey are run to St. Paul 
it would be desirable to make a connection, as a closing check, with the me&n level of 
Lake Superior, and thereby with mean tide near New York. 

There is no special need in the interests of navigation of the survey beyond St. 
Paul. The cost of completing the work to that point and publishing the maps in ad- 
dition to the funds in hand and also in addition to ^5,000, the expected appropriation 
for the coming year, is nearly $225,000; the field work could readily be completed in- 
side of three years with but little addition to the' present survey plant, which has only 
been used for several years to about one-half its capacity during a single season. The 
provision of the full amount, even if accompanied by annual amit of expenditure of 
one-third, would much conduce to economy and to the value of the results for the im- 
mediate future by preventing a detrimental prolongation of the work. Surveying as 
a preliminary or accompaniment of navigation improvement work, or as a record of 
the condition at one period of a changeable water —even one as little changeable as 
the Upper Mississippi — ehould for every reason be made with the least |«aoticable 
delay and in the least practicable time. 

Besides the continuance of the survey, there is argent need, it appears to me, of a 
hydrographic, low- water survey of the alluvial river. About one-eighth only of the 
present survey below Cairo was made at low water. The period of field work was from 
1857 to 1864 ; a part, however, having been done since 1870, another part since 187t>, 
and the greater part since 1880. The triangulation, precise levels, and stone-lines 
are still generally available for new work of topography and hydro^praphy. The esti- 
mate of cost, lately submitted, with explanations of this limited resurvey, is $212,526. 
The work can advantageously be done in four years. 

As desired, I have also estimated upon the annual cost of needed local snrveys, ex- 
aminations, investigations, etc., on the lower river, and find the amonnt to be nearly 
$45,000 ; so that in round numbers $175,000 result as the estimated amonnt which 
can be profitably expended in the fiscal year 1892 for continuing the survey to St. Pan I, 
«nd for the hydrographic resorvey, and examinations, investigations, etc., on the 
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allavial river. It is saffffested that continuiog the survey and the xesorvey of the 
aUnvial river might well be coxiBolidated in one appropriation item. 
Respeotfolly sabmitted. 

Chas. F. Powell, 
Captain^ Corps of Engineere. 
The Pbbsident of tux Misbissippi Rivbr Commission. 



Money statement. 

Jaly 1, 1889, amount available $48,832.95 

July 1, 1890, amount expended daring fiscal year, exclusive of 

oatsUnding liabiUties July 1, 1889 #44,952.79 

July 1, 1890, outstanding liabUities 1,858.16 

46.810.95 

Julyl, 1890, balance available 2,022.00 

IAmouni(estimated)required for completion of existing project to St. Paal 300, 000. 00 
Amount that can be profitably expended in fiscal year ending Ja ne 30, 1892 175, 000.*00 
Submitted in compliance with requirements of sections 2 of river and 
harbor acts of 1866 and 1867. 



Utt of oivihan engineers employed during the year to May 31, 1890, on work of river avd 
harbor improvement in eharge of Capt. Charles F. Powell^ Corps of Engineers, and 
under the river and harbor appropriation aoi of August 11, 1888. 



Kftme and place of refiideikoe. 


Time em- 
ployed. 


Compen* 

Mition per 

montL 


Where employed. 


"Work on which em- 
ployed. 


J. A. OokenoD. St. Loais, Mo . . . . 

C. M. Winohea St. Lojub, Mo ... . 

Kiva»TuUy,St.Loals,Mo 

C.W.CUTlt^StL<raiB,Mo 

BH.OolbvS*^ Loniii.Mo 


Months, 

4 

11 

10 
8 


Day*. 
18 

...... 

27 


1200 

175 

176 
176 
135 
130 
176 


St. Louie 


Sonrey of Mississippi 
Biver. 
Do. 

Do. 


In field and at St. 

Loaia. 
St Louis 


StLonis 


Do. 


St. Loai» 

New Madrid. Mo . 
MadifiOD,Ind.,aDd 
St. Louis. 


Do. 


E. L. H^nxM^n* Ht- T^itiH. Mo 




Do. 


H. W.Baker, St, Looi*. Mo 


12 


Genoi-al service, im- 
proving Mississippi 
Kiver below the 
month of the Ohio. 



RBPORT OF ASSISTANT BNOINBER C. M. WINCHBLL, CHIEF OF SURVET PARTY. 

St. Louis, Mo., April 23, 1890. 

Caffain : I have the honor to sabmit the following report on the operations of the 
field party under my direction during the season of 1889, with a statement of some 
results of the field measurements of 1888 and some observations upon the river from 
Cairo to Alton : 

In obedience to yonr instrnotions the party assembled at St. Louis on An^st 2, and 
were conveyed by steamer to Chester, 111., where the snrvey boats Illinois and Ken- 
twiky, steam-launch No. 5, and United States steamer Patrol were in waiting to re- 
ceive as. 

The organization of the party was the same as in former years : Messrs. F. B. 
Haltby, G. W. Wood, E. J. Jolley, O. W. Connet, G. H. French, and W. G. Comber, 
were topographers; J. H. Field and L. E. Ritt*?r, levelers; E. L.Harmon and G. W. 
WiHner, hydrographers ; and G. Bischoff, computer and plotter. The total number 
of monin the party, including crew of the Patrol and galley force, averaged about 
sixty. 

The survey of the river was resumed, where the work of the season before ended, 
i^t Btone-line 31, in Kaskaskia Cut-off^ and at St. Mary's^ Mo., in Old River. When the 
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field 8ea60B closed in December, 1888, penDanent and easily-accessible marks were es- 
tablished both for elevation and position. These were I'oand nndistnrbed^ and the 
sorvey con tinned from them np-stream without any delay on Angnst 3. Having the 
Patrol with the party during the season was a ereat improvement over former seasons, 
giving ns better quarters and more room botn for office work and for sleeping that 
the quart«r-boats alone furnished, and I think also it is more economical to have the 
Patrol with the party to move the boats whenever it is advantageous to move, 
rather than to depend on outside aid i o move from camp to camp. We occupied 20 
different camps between Chester and Alton, the moves averaging 5.3 miles each. 

The entire season was favorable for survey work both as to stage of river and 
weather. The river remained at a low stage with only slight fluctuations; froni 
August 3 to November 30 there were only five days when it rained all day, and seven 
other days that were partly lost on account of showers. On November 30 the survey 
was completed to Alton, 111., and work closed ou stone-line 61, which passes through 
Mo. R. C. A Alton and Just above head of Ellis Island. 

As in 1888, permanent marks were left at the end of the work whose elevations are 
known, and the azimuths of lines connectinff them determined. December 1 the 
boats were laid up in the Alton Slough, behind Ellis Island, and the party disbanded. 

The survey is based on a system of secondary triangulation done by the Mississippi 
River Commission in 1880. At the time this triangulation was doue, territory 
points were located on or near the river bank every 3 or 4 miles for the purpose of 
checking a later tojiographio survey, but so many of these points were caved into 
the river, or otherwise destroyed, that it was found necessary to carry a system of 
tertiary triangalation over the entire reach of river surveyed. 

This tertiary triangulation was checked by connection with secondary lines or 
triangulation stations and by chaining base^ every few miles. 

TOPOORAPHY. 

Two stadia lines were run alonf; each bank, checking on the tertiuy triangulsiion 
stations. From these main stadia lines other lines wpre run back into the country 
to develop the topographic features and contours. These side lines generally made 
a circuit, returning to the river and checking on a main-line stake or sounding flag. 

On the left bank the country is level, and mostly cultivated, and a strip borderinji: 
the river of an average width of 1^ miles was surveyed. From St. Louis to Ste. 
Genevieve the river follows the bluffs on the right bank. These bluffs are precijii- 
tons on tbeir river face, very irregular, being cut up by deep gullies and ravines in 
all directions. These ravines are full of a growth of small timSer and brush and the 
ridges range from 150 to 400 feet in height above the river. On account of these 
features it required fully twice as much time and labor to survey the right bank as 
it did the left. A strip averaging but little more than half a mile in width was sur- 
veyed on the right bank. 

At Ste. Genevieve the river leaves the bluffs on the Missouri side, crosses the val- 
ley, and comes to the foot of the bluffs in Illinois at Kaskaskia near the head of Eas- 
kaskla Cut-off. This Cut-off was caused by the Mississippi caving into the Okaw 
River in 1881,when it left its old bed via St. Mary's, Mo., and took the channel of the 
Okaw to Illinois penitentiary at Chester, where it again Joins its original channel ; 
this Cut-off is 8^ miles long and shortens the river 7 mllesL it being 1^ miles around 
the old channel. The Cut-off has changed from a sluggisn narrow stream 75 meters 
wide to a rapid river averaging more than 200 meters in width. Its maximum width 
is over 300 meters, and the narrowest place is where it strikes the rocky bluff near its 
head and makes.a sharp turn (about 90 degrees to the south. Here it is only 170 meters 
wide and is a difficult piece of river to navigate. The old river by St. Mary's is 
gradually filling up, and is now navigable only at medium to high stages of river. 

If the present rate of caving at head of Kaskaskia Island continues it will not be 
many years before the site of the old town of Kaskaskia will be wiped out of exist- 
ence. From Kaskaskia the river hugs the Illinois bluffs to Rock wood, about 17 miles. 
Here it again crosses to the Missouri bluffs at Grand Eddy, and there follows along 
their base to Cape Girardeau, 44 miles. Immediately below Cape Girardeau is an 
opening; in the bluffs about 4 miles wide, where the first overflow water from theUpper 
Mississippi enters the head of the St. Francis basin through Niggerwool Swamp. 

At Gray's Point the Ulinois bluffs approach to within about 1,000 meters of \.he 
Missouri bluffs, and from here toCommerce, 7 miles, the river flows over a rocky bed 
with high blafis ou either side. At Santa F^ the Illinois. bluffs trend SE. to the 
Ohio River. 

The Commerce Bluff is a large detached rocky hill, the main line of bluffs leaving 
the river in a SW. direction at Cape Girardeau. 

The last natural rock found in the river above Cairo is Beaver Dam Rock, about 1^ 
miles below Commerce, nearly in the main river ohanneU ^ This rock appears to be a 
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huge boulder, and at a low- water stage of the river projecte more than 3 feet oat of 
the water, and is a constant menace to paeaing steam-boate. 

Abont 4 milee above Grand Tower, on the eaat side of the river, is a detached rock 
hill called Foontain Blnff. This blaff is abont 9 miles in circumference and 450 feet 
high. The west side is very steep : the north side has a rock precipice over 100 feet 
high, while the east and sonth ,siaes have a more gradual slope. It is 4 miles west 
of the main line of bluffs in Illinois. 

The highest bluff near the river is Buck Knob, just below Crystal City, which is 
488 feet high. 

From Alton to Kaskaskia, 87 miles, the bluffs on the east side are fVom 3 to 10 miles 
from the river, the widest part of the bottom being opposite and above St. Louis. 
This entire line of bluff was located and connected with the river ; these bluffs have 
a more gradual slope than the Missouri bluffs, and are not so badly cut up by ravines. 

The Okaw was surveyed to where it comes out of the hills, also abont 5 miles of 
the Meremec River, as well as several lakes and streams between the Illinois bluffs 
and the Mississippi. All the railroad tracks centering in East St. Louis were located 
across the bottom to where they enter the hills. 

From the month of the Missouri River to Crystal City, 55 miles, the general course 
of the river is a little west of south. From Crystal City to Fountain Bluff, 65 miles, 
it runs southeast. Here it turns more towards the south and only makes about 19 
miles of easting from here to Cairo, 84 miles. 

Many points, both triangulation and bench-marks, of the survey made by Major 
Simpson, 1870-1878, were found and connected with, so that changes in the bank- 
lines since then can be noted by comparing the two surveys ; several township and 
section eomers were connected with, as well as four county lines and the stone mark- 
ing St. Lonis City limits. Connection was made with five U. S. Coast and Geodetic 
Sarvey triangulation stations on the bluffs east of St. Louis, including their Ameri- 
can Bottom base stations. By comparison of M. R. C. with U. S.: Coast and Geo- 
detic Survey positions, as determined astronomically, it was found that they differed 
134.4 meters in latitude and 33.4 in longitude, the M. R. C. positions bein^ farther 
lonth and west. Two of the Missouri River Commission triangulation stations were 
eonnected with, also two of their stone-line bench-marks near mouth of Missouri 
River. 

LEVELS. 

AU elevations ire referred to the Memphis datum and are checked by connection 
with Mississippi River Commission precise level bench-marks. 

A continnons line of levels was run along each bank, and once in about 3 miles of 
river a stone line was established. The levels were duplicated on all stone lines ; thirty- 
one stone lines were established between Chester and Alton. A river crossing of levels 
was made at each stone line to check the levels on the side of river where there were 
no P. B. M's. All triangulation stations, permanent marks of other survevs, bound- 
ary stones, etc., were touched on and will be tabulated and described in the table of 
"Permanent marks above Cairo." All water-ganges were connected with and the 
water-surface at each cross-section determined. 

Two U. S. Coast and Geodetic Survey bench-marks on the Bads Bridge were lev- 
eled to. Their difference of elevation by ourordinary level river crossing is .001 foot. 
The Coast Sarvey published difference is .003 foot. Our ordinary level value of Mis- 
souri River Commission bench-mark at mouth of Missouri River differs from their 
determination of it by 2 feet. 

The experience of the last two seasons' survey proves that many of the stone posts 
used for marking stones, both bench-marks and tri&ngulatlon stations, have been dis- 
turbed. Some are taken by natives and reset for land comers, and used for sills or 
door-steps, others are broken up by fishermen and used for sinking nets, and several 
were found cracked and broken in pieces, apparently by fire. It would seem, there- 
fore, that all marks intended to be permanent should be buried beneath the surface 
or cat on the natural rock with simcient surface marks so that they can be easily 
found and identified. 

HTDROORAPHT. 

Cross-sections were sounded about every 350 meters and longitudinal along the 
ehaonel. These soundings were taken from a six-oared yawl-boat and were located 
by two observers with sextants. In all there were 31,624 casts of the lead between 
Chester and Alton, and 10,201 double-sextant angles. The deepest water found 
above Cairo was 112 feet, opposite Grand Tower. The shoal reaches are where the 
river is wide and dotted with sand-bars and islands, the water being dispersed through 
several channels. The depth at Kaskaskia Cut-off ranges from 20 to 40 feet; at its 
mouth it was 70 feet deep. The Okaw at same stage is from 10 to 15 feet deep. 
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The greatest chaDges in bank line since Mi^or Simpson's survey, except at KasluM- 
kia Cat-off, are iu Salt Lake Bend. Here tbe bend has moved east and sonth about a 
mile. 

The bank is also caving quite rapidly at the lower end of Greenleaf Bend, at Com- 
mercial Point, Liberty Bar, and in Sawyer Bend above St. Louis. 

Apx>ended are tables showing surface slope of river, discrepancies in levels, and 
results of tertiary triangulation. 

Very respectfully, your obedient servant, 

C. M. WlKCHBLL, 

AMiitamt Engineer. 
Capt, Cha8. F. Powell, 

Carps of ^Engineers, 



Biver slope during survey, being at about low water* 



Locality. 



Dig. 
tanoe. 



Slope 
per 
mile. 



Looslity. 



tanoe. 



per 
mile. 



Foot of Kaskaakia Chute to Head 

Fairy Ihland 

Head Fairy Island to Mad Landing.. 

Mud Landing to Brace Island 

Bruce lalanato Penitentiary Point . . . 
Penitentiary Point to Darfee Point . . 

Darfee Point to Cornice Sock 

Cornice fiock to Heronlanenm 

Hercalaneam tc Glen Park 

Glen Park to Chealey laland 



MiUt. 

ILO 
6.6 
6.5 
S.S 
6.0 
4.0 
4.3 
4.0 
4.2 



0.75 
0.67 
0.64 
0.34 
0.64 
0.78 
0.62 
0.63 
0.41 



Cbeeley Island to Cliff Cave 

Cliff Cave to Docks 

Docks to foot of Dor^aa street 

Dorcaa street to Brooklyn street. . . . 
Brooklyn street to Carrie avenne — 
Carrie avenne to near Annie avenne. 
Annie avenne to head of Choateaa 

Island 

Choateaa Island to near Wood River. 
Wood Biver to Alton 



MiUi. 
6.9 
6.8 
4.» 
4.8 
8.5 
8.2 

4.6 
6,5 
4.6 



Feet. 
0.68 
0.4a 
0.35 
0.34 
0.59 
L05 

0.«7 
0.80 
0.38 



Dieorq^anoies between right and Itft bank ordinary levels. 



Field 



Dis- 
tance. 



Locality where compared. 



Diflbi^ 
ence. 



Field 



Dis. 
tance. 



Locality where compared. 



Dlffisr. 



1889. 



4 
8 

8* 
8 

4 
3 

3 

3i 
8 
3 
3 
3 
4 
10 

1 

? 

3 
3 
8 
8 



Elkins Landing 

Blackbird Island 

Saladin Tow-head 

Thompson's Landing — 

Scodder Tow-head 

Dickey Island , 

Foantain filaff 

Estelle's Landing 

76 Landing 

Wilkinson^s Landing 

Price Landing , 

Liberty Island , 

Foot of Crain's Island . . . 

Cole'sMill 

Head of Kaskaakia Cat- 
off 

Foot of Morc» Island .... 
Head of Horo Island. . . 
Above Little Bock Land- 
ing 

Head of Tni-key Island , 

Brace Island 

Brickey's Mill 

Rash Island 



0.060 
0.168 
0.105 
0.061 
0.187 
0.044 
0.036 
0.162 
0.139 
0.074 
0.036 
0.001 
0.046 
0.084 

0.164 
0. 13.3 
0.115 

0.134 
0.045 
0.026 I 
0.137 
0.133 



1888. 



Ames Island 

Perry Tow*head 

Below Calico Bar 

Head of Calico Bar 

Illinois Station 

Head of Foster Island . . 

Montesano Springs 

Foot of Widow Beard*8 

Island 

Twin Hollows 

Above Quarantine 

Above Vulcan Iron 

Works 

Head of Arsenal Island 

L'Esperance street 

Fads Bridge 

Merchants' Bridge 

Foot of Gabaret Island . 
Head of Gabaiet Island , 
Head of Choateaa Isl and . 
Above month of Mia- 

soori River 

Alton 



0.Q23 
a008 
0.089 
0.142 
0.086 
0.105 
0.163 

0.050 
0.029 
0.009 

0.166 
0.006 
0.107 
0.03.5 
«.086 
0,012 
0.015 
0.031 

0.007 
0.005 
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DiBorepande* between precise and ordinary levels. 



Field 


Between p. 
B.M.. 


Dia- 
tance. 


Dia. 

crepao* 

oiea. 


Obaerrer. 


Field 
■eaaon. 


Between P. 
RMa. 


Dia- 
tanoe. 


Dia- 

crepan- 

ciea. 


Obaerrer. 






JTOm. 










Milsa. 






188& 


NaOAaadOS 


21 


-0.150 


L.E. RiUor. 


ISft*. 


lfD.!5u^d23 


H 


-0.088 


J. H. Field. 




Ko. 45 and 44 


8 


+0.040 


J. H. Field. 




Wo. 23 and 22 


? 


—0.038 


Do. 




No. 44 and 42 


9 


—0.107 


D«. 




No. 22 m d 20 


4 


—0.056 


Do. 




No. 42 and 41 


7* 


+0.018 


Dd, 




No. 20 and ]g 


B 


—0.098 


Do. 




No. 41 and 39 


6 


+0.027 


Do, 




Xo,l8abdl7 


3 


•fO.002 


Do. 


im. 


No. 38 and 85 


7 


+0.200 


Du. 




Kw.lTmdie 


^ 


+0.182 


Do. 




No. 35 and 84 


IH 


+0.002 


m. 




Ko. IB and 15 


r 


+0.006 


Do. 




No. 34 and 88 


3 


-0.015 


Do. 




No. 15 Mid 14 


3 


+0. 216 


Do. 




No. 32 and 81 


2i 


-0.038 


Do. 




Xo.l4*Ddl2 


H 


+0.08S 


Da 




No. 31 and 30 


4 


+0.172 


Do. 




No. 12 and n 


7 


—0.006 


L.B. Bitter. 




No. 30 and 20 


8 


-0.031 


Do. 




Ko, 11 »Qd 10 


s 


— 0. 029 


Do. 




No. 29 and 27 


10 


-0.177 


Do. 




Ko.lOaod B 


4i -0.194 


Do. 




No. 27 and 25 


6 




Do. 













The 8Qm of these discrepancies is — 0.058 foot for » distance of 102 miles. 

Ckmparieon of tertiary triangulation with chained $ide$. 
1888. 



Sides oonipared. 



A 1»-A 21 

A 85-A 87 

A 47-A 49 

A <»-A 87 

A 91-A 83 

A 107-A 188 

A 139-A 141 

A Alton-4>haroh Spire 



No. of 


Tertiary 


Meaanred 


Diacrep- 


trianglM. 


lengtha. 


lengtha. 


anoiea. 




Meters, 






20 


1,243.8 


1,242.6 


1 in 1, 036 


19 


1.250.6 


1.249.1 


lin 834 


15 


1.298.7 


1,290.7 


1 in 649 


22 


1,3.5.6 


1. 876 6 


lin 1.251 


28 


i,28&eo 


1,235.64 


1 in 24, 713 


17 


1.318.8 


1,312.8 


lin 1,194 


45 


1.118.6 


1,118.9 


1 in 3. T^9 


28 


1.34L7 


*1,341.8 


1 In 13,418 



- * SecoDdary triangolation lenicih. 

RSPORT OF OAPTAIX CHARLB8 F. POWELL, CORPS OF BNOINSBRs/lN CHAROB OF 

OENBRAL 8EKVICB. 

St. Louis, Mo., June 8, 1890. 
The moyemeDt of stone to the first and second districts, in progress at the end of 
last year. May 31, IS89, was completed during Jane and July ; there were then de- 
liyered at — 

Daniel's Point yards.. 8,499 

Plom Point do.... 2,025 

Helena do 8,208 

Cairo (for Hickman) do 399 

Total 19,131 

All reqaisitions on the general service for stone having heen filled, the towage fleet 
was laidnp at Cairo. 

The delivery of stone for the season, which had heen commenced in March, was 
made with a small nnmher of barges, and one tow-boat at one time, except that the 
Mieeieeippi in returning from a Commission inspection trip brought up 8ome em^ity 
barges. The stone was unloaded on the bank, except the last tow, by the district 
force and about as delivered. As the stage of water was very generally lower than 
average high water, the unloading was probably more costly than would ordinarily 
be dnring spring and early summer. 

During the working season considerable repair was made to five barges, as they 
were in an unsafe condition, and new pillow-blocks and a boiler sheet were put on 
the tow-boat Etkeridge, 

As there appeared no probability of more call for stone, the fleets in the late fall 
were moved to Paducah for winter quarters, where' they remaiUi except some bar^^es 
left in the distriots. 

?5G 90 20Q 
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The twenty stone barges whose bnildinj^ was under contract at date of last report 
were completed ; ten additional barges or the same kind were also built by the con- 
tractors for the general service upon purchase in open market. One old barge, 192, 
, was rebuilt, by hired labor, from the bottom up ; another old barge was cut down to 
the bottom gunwale with a view of rebuilding ; old barge, 144, was lost while in 
service in the third district, and two old barges are in use for carrying houses of 
Commission survey boats. All this leaves thirty-one good stone barges, six ^^d open- 
hold (fuel) barges, and forty-six old stone barges generally in poor condition, avail- 
able for towage use after some repairs are made to the latter. 

The tow-boat MinneUmka was hauled out, her bottom thoroughly repaired, and after- 
wards much repair made above the water-line. New cylinder timbers were pot on 
the steamer Videttey together with other new or repaired work ; new cylinders are 
now being made for her, one cylinder having become wholly disabled and the other 
being weak. Some chalking, painting, and miscellaneous repairs or changes were 
made in the pieces of the fleet generally, being in the a^^gregate rather extensive. 

The tow-boat Eiheridge, belonging on the third district property return, but which 
has been with the general service lor a few years, was called for by Captain Toung 
during the flood and delivered to him at Memphis. The Minnetanka and MUtissippij 
also the Commission steamer Patrol and three barges, were kept in readiness for use 
at short notice during the flood. 

The cost of maintaining and caring for the towage fleet during long periods of sus- 
pension of its work has been duly considered. With the view of arriving at some 
action in the matter, a searching inquiry has been made as to the actual cost of the 
general service stone and coal towage. The time before 1883 was a period of prepa- 
ration and plant building, when not much stone towage was done, and its cost is com- 
plicated with that of the other work. The expenditure during the seven years end- 
ing December 31, 1889, was therefore taken as the bases for flnding the unit cost ; the 
amount was corrected by the unpaid obligations, the actual cost of each piece of serv- 
ice performed other than coal and stone towage, and by the value of plant on hand 
at the end of the period ; then, considerine the numbers of yard-miles of stone moved 
and equivalent of same of coal, the actual gross cost of 6.2 mills per yard-mile was 
obtained. During the 7-year period operations were conducted for thirty-eight 
months and suspended for forty-six montns. 

A similar method to that above was taken for finding the cost for each of the last 
two towage seasons, one being from October to December, 18d8, a low-water season, 
and the other from' March to July, 1889, a season of low high water, and the actual 
costs obtained, considering all expense of operation and current repairs, of 2.8 and 
2.4 mills per yard-mile respectivelv^ which show approximately the relative values 
of high and low-water towijkge ; this, after allowing 13 cents per yard for the extra 
handling of the Stone in hi^^h-water delivery, makes the cost of delivery of stone at 
Helena about equal for high and low water, and greater for low water for points 
below, and as much as 7 cents per yard greater for Wilson Point. li should oe re- 
markeid that low-water stone delivery requires much more plant of the expensive 
kind and necessitates the risk of not supplying the stone as fast as needed during 
construction. 

It is expected to subsequently submit the matter of the stone towage to the Com- 
mission with some recommendations in the premises. 

Respectfully submitted, 

Chas. F. Powkll, 
Captain, Carpt of Engineers. 

To the Prxsidxnt of ths Mississippi Rivxr Commission. 



Approximate value of plant hehnging to the United Statee and u$ed in the general eervicef 
improving the MisMeippi River from the Head of the Passes to the mouth of the Ohio Sicer, 



ClMtefproperfcy. 


No. 


Approximate 

value 
May 31, 1880. 


Class of property. 


No. 


Approximate 

▼alne 
May 31. 1890. 


Steun-boat HiMissippi 


1 
1 
1 

30 
2i 
27 
6 


$45,000.00 
30,000.00 
i. 750. 00 
83.180.61 
22. 100. 00 
20,160.00 
10,000.00 




1 
7 
2 
1 


$450.00 
100 00 


Rtfrnn-boat Minnetonkfi-, ,,---. 


Skifla 




S9iiDdfiiff*boata 


25 00 


BAr£M, fluBh-d6ok, new ........ 


Calkinffflat 


20 OO 


BargM, fla«b deck 


Office &mitare 


475,00 


"BikTfcWf low deck ,, 


Total 




BsrgM, opeD-hold 


225.260.61 
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Abstract of formal oontraots in force. 



How 


Name and address of oontimotor. 


Contract. 


Date. 


Subject. 


1 


liadiaon Marine RaUway Company, 
If adison, Ind. ; per C. A. Korbly. 

seoretary. 


February 9.1889 


BnUdingand delivering at Cairo. HI., 
twenty irooden bargee. 

ing time of completion twenty -Uto 
days. 
Contract completed. 



Money statements^ July 1, 1889, to June 30, 1890. 

General serrice : 

Available July 1,1889 $161,334.83 

Refunded account payment for Hickman 3,288.83 

Kefonded acoonnt payment forColnmbns 2,599.08 

Refunded accoont payment for Helena 10,3(13.17 



TraoBfeiTed to protection of levees, third district. 



Expenditures apportioned to first district |34, 843. 98 

Expenditures apportioned to Hiokmau 269. 32 

Expendi tnres apportioned to second district 34, 643. 99 

Expendi cures apportioned to Helena 10, 393. 17 

Expenditures apportioned to third district 34, 844. 00 



177,615.91 
20,000.00 

157,615.91 



115,194.46 



In Treasury 39,97^82 

Inhand 2,442.63 42,421.45 



Illinois River to Ohio River, protection of the easterly bank of the 
Mississippi near Cairo :* 
Available July 1,1889 

First distriot— Plum Point Reach : = 

Available July 1, 1889 254,944.10 

Applied by general service 34,843.98 

Deposit for overpayment : 1.00 

Transferred from levees, Plum Point Reach 4, 000. 00 



8,600.00 



Transferred to protection of levees, second district . . 
Transferred to protection of levees, fourth distriot . . 



2,500.00 
21,000.00 



293,789.08 



23,500.00 



290.289.08 
Expended 258,123.86 



In Treasury. 
Inhand 



5,086.85 
7,078.37 



12,155.22 



Hickman, Kentucky : 

Available July 1, 1889 77,882.78 

Applied by general service 269.32 



78,152.10 



Refunded to general service 3,288.83 

Expended 26,215.51 29,504.34 

In Treasury 47,461.17 

Inhand 1,186.59 



48,647.76 



' Includes only funds under t^t of July 5, 1884, 
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Colombasi Kentnoky: 

Available Joly 1, 1889 $33,478.21 

Refunded to general seryice $2,599.08 

Expended 17,862.97 20.462.05 

InTreasary 6,150.72 

In hand 6.665.24 

13,016.16 

Maintenance of existing works : 

AvaUable July 1, 1889 27,250.(0 

Transferred to protection of levees, third district 27, 250. 00 

Ganges: 

Available July 1, 1889 1,651.50 

Expended 720.00 

In Treasury 900.00 

In hand 31.60 

931.50 

Observations and discharges: 

Available July 1, 1889 370.92 

Expended 370. W 

Surveys, examinations, and inspections : 

Available Jfuly 1, 1889 2,744.91 

Expended 903.46 

In Treasury 1,000.00 

In hand 841.45 

7 — 1,841.45 

Care of plant first and second districts : 

Available July 1, 1889 60,000.00 

Expended 39,547.85 

In Treasury 14,000.00 

In hand 6,452.15 

20,462.15 

Surveys first and second districts: 

AvaUable July 1, 1889 1,815.80 

Expended 660.50 

In Treasury 1,000.00 

In hand : 255.30 

1.255.30 

Second district— Memphis Reach : 

Available July 1,1889 37,523.06 

Applied by general service 34,843.99 

72,367.05 
Transferred to protection of levees, fourth district. . . 20, 000. 00 52, 367. 05 
Expended 36,188.88 

In Treasury 13,500.00 

In hand 2,678.67 

16,178.67 

Memphis Harbor : 

Available July 1, 1889 14,833.75 

Expended 9,214.01 

In Treasury 4,750.00 

In hand 869.74 

5,619.74 
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Helena : 

AvaUable Jnly 1, 1889 171,174,09 

Applied by general 8«rvioe 10,393.17 

181,567.26 

Reftinded to general service 10,393.17 

Expended 71,171.29 . 

81,664.46 

In hand ...4 2. SO 

Ganges: 

Available July 1, 1889 792.50 

Expended 510.00 

In Treasury 100.00 

In hand 182.50 

282.50 

Observations and discharges : =3== 

Available July 1, 1889 522.07 

Expended i 620.00 

In hand 2.07 

Sarveys, examinations, and inspections: 

Available July 1, 1889 2,913.96 

Expended 1,338.90 

In Treasury 1,000.00 

In hand 575.06 

1,675.06 

Third district— Lake Providence Reach : 

Available July 1, 1889 455,j566.84 

Applied by general service 34,844.00 

490,410.84 

Transferred to protection of levees, third district .... 55, 000. 00 
Transferred to protection of levees, fourth district ... 20, 000. 00 
Transferred to protection of levees, Tensas Front, 

fourth district 25,000.00 

100,000.00 

380,410.84 
Expended , 383,884.18 

In hand 6,526.66 

Yieksbnrg Harbor : 

Available July 1, 1889 101,098.49 

Deposit for overpayment - .25 

101.098.74 

Expended 63,792.99 

In Treasury..^ n5,000.00 

In hand 22,305.75 

37,305.75 

Vioksbnrg Harbor— Delta Point : 

Available July 1, 1889 166. 58 

Exi>ended 0.00 

In hand 156.58 

Greenville, Mississippi: 

Available July 1, 1889 33,204.13 

Expended .* 29,721.66 

In hand 3,482.48 

*This amount is reserved for such repairs and. extension of the Delta Point revet* 
ment as may prove to be necessary. 
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Lake Bolivar Front : 

Available July 1, 1889 $46,605.52 

Transferred to sarveys, examinations, and inspections, 

third district HiOOO.OO 

Transferred to surveys, examinations, and inspections, 

fourth district 3,000^00 

Transferred to protection of levees, fourth district ... 3, 000. 00 
Transfeixed to protection of levees, third district 5, 000. 00 

15,000.00 

31,605.52 
/ Expended , 11,315.80 

In Treasury , 20,000.00 

In hand 289.72 

, 20,289.72 

Gauges: 

Available July 1,1889 1,229.65 

Expended 730.75 

In Treasury 300.00 

In hand 198.90 

498.90 

Observations and disoharges: 

Available July 1, 1889. 82.38 

Expended 82.38 

Surveys, examinations, and infections: 

Available July 1, 1889 1.970.63 

Transferred from levees, second Mississippi district . . 1, 535. 68 

Transferred from levees, Ben Lomond Hoop 613. 78 

Transferred from levees, Lake Bolivar Front 4, 000. 00 

8,120.09 

Expended 7,057.83 

In hand 62.26 

Fourth district — ^Kew Orleans Harbor : 

Available July 1, 1889 127,041.62 

Deposit for overpayment .04 

127,041.66 

Expended 78,522.04 

In Treasury 45,000.00 

In hand 3,519.62 

48,519.62 

Red and Atchafalaya rivers : 

Avaihfcble July 1, 1889 88,560. 13 

Deposit for overpayment .10 

88,660.23 

Expended 64^82a60 

In Treasury 15,000.00 

In hand 8,731.63 

23,731.63 

Natchess and Vidalia : 

Available July 1, 1P89 700.65 

Expended 25.00 

In hand 675.65 
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Ganges: 

Available July 1, 1889 $1,125.22 

Expended 1 725.20 

In hand 1. 400.02 

ObaervationB and discharges : 

Available July I, 1889 2,460.41 

Expended 2,460.41 

Snrveya, examinafcions, and iDspectioDs : 

Available July 1,1889 $594.44 

TranafezTed from Lake Bolivar Front 3,000.00 

3,594.44 

Expended 2,087.03 

In hand 1,507.41 

Lievees (first district) : 
Plum Point : 

Available July 1, 1889 19,894.60 

Transferred to protection of levees, fonrth district ... 15, 000. 00 
TiaoBferred to Plam Point Reach 4,000.00 

19,000.00 

894.60 
Expended 818.63 

In hand 76.97 

Survey of St. Francis Front : 

AvaiUble July 1, 1889 471.83 

Expended 471.83 

Lrcvees (second district) : 
White River Front : 

Available July 1, 1889 3,954.35 

In Treasury 2,500.00 

In hand 1,454.35 

3,954.35 

First Mississippi district : 

Available July 1, 1889 7,677.84 

Expended 7,167.76 

In hand 510.08 

Protection of levees : 

Available July 1, 1889 - 5,000.00 

Transferred from Plum Point Reach 2,500.00 

7,500.00 

Expended 1,595.55 

In Treasury 5,000.00 

In hand 904.45 

.^ 904. 45 

Levees (third district) : 
Tensas Front (Ark. ) : 

AvaUable July 1. 1889 : 1,936.46 

Expended 1,936.46 

Yasoo Front, Ben Lomond Hoop : 

Available July 1, 1889 613.78 

Transferred to surveys, examinations, and inspections 613. 78 
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Second Mississippi district : 

AyaQable July 1, 1889 , $1,649.33 

Expended $113.64 

Transferred to surreysi examinations, and inspections. 1, 535. 68 

1,649.32 

Protection of levees : 

Available Jnly 1, 1889 33,701.57 

Transferred from general service 20,000/00 

Transferred from Lake Providence Beach 55, 000. 00 

Transferred from maintenance of existing works 27, 250. 00 

Transferred from Lake Bolivar Front 5.000.00 

Deposit for overpayment 3.00 

130, 954. 57 

Expended 130,207.14 

In hand 747.43 

Levees (fon^h district) : 
Tensas Front : 

AvaUable July 1, 1889 87,199.14 

Transferred to protection of levees, fourth district ... 10, 000. 00 

77,199.14 

Expended 48,081.72 

In hand 39,117.42 

a=a f r i r :• • . 

Protection of levees, Tensas Front : 

Available July 1, 1889 9,371.77 

Transferred from protection of levees, fourth district. 10, 000. 00 

19,371.77 

Expended 19,371.77 

Protection of levees : 

Available July 1, 1889 10,000.00 

Transferred to protection of levees, Tensas Front 10, 000. 00 

Transferred from Memphis Reach 20,000.00 

Transferred from Lake Providence Reach 45, 000. 00 

Transferred from levees, Tensas front, fourth district. 10, 000. 00 

Transferred from levees, Plum Point Reach 15, 000. 00 

Transferred from Plum Point Reach 21,000.00 

Transferred from Lake Bolivar Front 3,000.00 

114, 000. 00 

Expended 95,839.87 

In hand 18,160.13 

Lerees, total: 

Available July 1, 1889 171,470.66 

Transferrexl to surveys, examinations, and inspections, 

Third district 2,149.46 

Transferred to Plum Point Reach 4,000.00 

6,149.46 

165.321.80 

Transferred from Lake Providence Reach 100,000.00 

Transferred from general service 20,000.00 

Transferred from Memphis Reach 20,000.00 

Transferred from PlumPoint Reach 23,500.00 

Transferred from maintenance of existing works 27, 250. 00 

Transferred from Lake Bolivar Front ^ 8,000.00 

Depositfor overpayment ^ 3.00 

364,074.80 
Expended 305,604.37 

In Treasury 7,500.00 

Inhand 50,969.83 

58,469.83 
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•Consolidated statement, March 3, 1881, to June 30, 1890. 

Act of March 3, 1881 |1,000,000.00 

Act of August 4, 1882... 4,123,000.00 

Actof January 19, 18b4 1,000.000.00 

Act of July 5, 1884, less $5,000 tranaferrad to snag-boat service ^, 065, 000. 00 

Actof Augusts, 1886, less $5,942.60 for expenses, office Chief of Engi- 
neers 1,994,067.40 

Act of August 11, 1888, less $4,289 for expenses, office Chief of Engi- 
neers 2,840,711.00 

Total specific appropriations 13,022,768.40 

Balances from former appropriations applied to worJcs be- 
low Cairo under act of August 2, 1882, leas $123.42 re- 
verted to Treasury $272,504.96 

Same for work above Cairo, under act of July 5, 1884.. . 22, 632. 53 

Total balances 295,137.49 

Received firom sales, loss of property, and deposits 675.88 

Total available 13,318,581.77 

Expended to June 30, 1890: 

River works $9,769,217.89 

Levees 3.183,746.54 

: 12,942,963.43 

Balance July 1, 1890 375,618.34 
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Appendix F. 

BBPORT OP CAPTAIN S. S. LBA.CH, CORPS OP BNGINEBRf , UPON OPBBATIOK8 IN ri 

pir8t district. 

United Statks Enginekr Oppick, 

MempkU, Tmn., Jtmel, 1H90. 
General: I have the honor to submit the following report of operatioDs in the fir 
district under the appropriation for improving MissiHsippi River, acts of August 1 
1888, and prior dates, from May 31, 1889, to May 31, 1890. 

The part of the river to which this report relates, known as the first district, extec^ 
from Cairo to the foot of Island 40, a distance of 220 miles. Work has been csLTrk 
on at various localities named in the acts or designated by the Commission. They ai 
noted in geographical order beginning at the upper end of the district. 

COLUMBUS. KXNTUCKT. 

The act of Augusts, 1886, appropriated $18,750 for improving the river at this poid 
A further appropriation of |25,000 in the act of August 11, 188^ made a total of $43,7; 
available. 

A project for the expenditure of this sum was submitted and was approved by tl 
Commission November 28, 1888, and by the Secretary of War January 23, 1889. 
provided for a revetment to consist of five spar-dikes of brush and stone so dispose 
as to cover the part of the bank threatened by caving, in length about 2,200 feet. 

In the detail plan drawn up in pursuance of the approved project, each dike coi 
sisted of a floor or foundation mattress 200 feet long up and down stream, and e: 
tending from the low- water line 300 feet out into the river. This mattress was col 
tinned up the bank on a prepared slope of three horizontal to one vertical, as near t 
the top as possible. It could not go entirely to the top in all cases, on account of tl 
proximity of a levee. On this mattress was laid a single brush-crib, 28 feet wide aiJ 
8 feet high, extending from the upper edge of the mattress to a point 240 feet beyot 
low- water mark. The crib was placed with its center line 12 feet above the cent 
line of the mattress. 

At the beginning of the fiscal year the stone for this work had been delivered an 
stored on the bank. During the last days of October, 1889, two pile-drivers wei 
sent to Colombas from the plant working at Hickman, and the trading and drivii^ 
of mooring and fender-piles were begun. By November 6 work was completed i 
Hickman and the entire plant transferred to Columbus. Rapidly rising river wit 
heavy drift made it impossible to begin the mattress construction, and these adver 
conditions continued until December 7, when the plant was swung into position ax 
weaving began. Thus the month in which it was hoped to do two-thirds of the wo] 
became a month of lost time. 

Substantial progress in the execution of the project dates from December 7, 188 
The conditions were at no time favorable, as the river stood at 17 to 20 feet abo^ 
low water, the current was rapid, considerable drift appeared from time to time, ax 
the weather was stormy to an unusual degree. In one of his bi-monthly reports, tl 
assistant in charge noted that there had been but four fair days during the fifteei 
By January 4, 1^, a little less than a month, the floor mats of Kos. 5, 4, and 3, ii 
eluding shore connections, and the cribs of No. 4, were completed. The subaqneol 
crib or No. 5, or part below low water, was also done. At this time the river wj 
rising rapidly, water for a bank-full stage was in sight, and the approach of tl 
spring flood was plainly indicated. It was therefore decided to close for the aeasoi 
but before doing so a partial foundation mattress, extending firom top of bank to M 
feet beyond low water, was built and sunk on the site of No. 2 dike, to preserve tl 
grade, which had been completed to prevent erosion on the site of the dike. Ti 
shore-crib of No. 5 was also bailt afloat and sunk in place, the water being then nei 
the top of the bank. This work was completed, as well as the housing of lines ao 
tools, by the 16th of January, and on the 20th the plant was moved to laying-t 
quarters at Island 30. 

In less than a month of most unfavorable conditions both of river and weatbe 
over half of the project was aooomplished, a very favorable showing, made possibl 
only by the fact that the force was thoroughly trained and fresh trom work of greats 
intrinsic difficulty. 

Operations can be resumed in time to have the work completed and the plan 
released before the date at which the next appropriation will become available. 

An itemized statement of the expenditures is herewith, as well as the usual fiscj 
statements. The balance on hand is sufficient to complete the project, and the woi 
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^ill, if suocessfnl, proieot tbe water-front of Colnmbas from fartl^er fecetisioa. No 
Hither estimate is submitted. 

A map of the locality, with a graphic exhibit of the work done and proposed, ac« 
K)mpanie8 this report.^ 

HICKMAN, KSNTUCKY. 

The act of Aoenst 5, 1886, contained a provision of |16,750 for work at this point, 

which was acKled |70,000 by the act of August 11, 1888, making a total of $88,750 
available at the latter date. A project for the work was approved by the Commis- 
ion November 28, 1888, and by the Secretary of War December 19, 1888. In May, 
689, after a visit of inspection to the locality, the Commission modified the project, 
knd in its final shape it provided for 1,000 feet of standard continuous revetment, 
x tending from the lower side of the indurated clay point which project-s into the 
iver to a point near the old railroad depot. 

The line to be protected had approximately a crescent shape, the high steep bluff 
oucbing the water-line at the upper end, succeeded by a shelf or terrace of lower 
ilevation near the middle and an alluvial bank somewhat below the level of high 
rater at the lower end. Te meet these conditions tbe upper bank work was started 
t 25 feet width at the upper end, bringing it about 10 feet above low water, and 
vas fi^adually widened, its upper edge increasing in elevation until, at a point some- 
what above the middle, it attained a width of 90 feet, with its upper edge 10 feet 
•elow the high water of 1882. 

Hydranlio grading began on September 3, 1889. From the outset this part of the 
rork proved to be unusually difficult. At the upper end the material to be removed 
teing of the bluff formation was unusually hard and, in places, the large quantity of 
rater necessary to dislodge it caused a serious sloughing near the water surface, so 
hat jet grading had to be abandoned and a oonsiderable quantity of earth removed 
irith shovels and sluices. Near the middle of the work, for a distance of about 100 
eet, there appeared a stratum of greasy clay, inclined toward the river and out- 
ropping 8 feet above the grade. On this stratum the superincumbent earth slid 
oward the river at the rate of 2^ fe^t a day, the projecting portion breaking off at 
Dtervals and falling upon the grade. After much time and labor had been spent in 
ttempting to maintain a clear grade, it was decided to clean it off quickly, just after 
, fall of earth, place the fastenings and lay the upper part of the shore-work and then 
How the earth to fall on top of it. Near the lower end of the revetment some iso- 
lited piles of riprap, deposited years ago by the railroad company, were encountered, 
nd it was thought necessary to remove the parts protruding above the adopted 
rade. At no psrt of tbe bank covered was the grading of the usual character. The 
3sult is seen in the cost of grading as shown in the exhibit, which is two and a half 

> three times greater than usoal. 

On account of the projection of the point at which the mooring barges were to rest, 
3e rapid recession of the bank above, and the width of the proposed mattress (300 
>et). it was not deemed prudent to depend upon the method of fastening heretofore 
31 ployed, by ext-ending lines from the mooring barges and mat-head directly to shore, 
3 the lead would have been very oblique and the length of lines very great. A new 
/stem was adopted, depending on two large Chinese anchors. These held two barges 

1 position, and from the barges the head and shackle lines were worked. The prep- 
ration of this anchorage and the grading and partial construction of shore- work oc- 
ipied a force of the usual strength until October 4, when the weaving of the sub- 
lueons mattress was begun. It was completed on the 21st and sunk on the 24th of 
lo same month. It was 300 feet wide and made continuous with the shore- work for 
distance of 750 feet, beyond which the outer edge was continued on the same line 
nd two offsets made on the inside, which were afterward covered with connecting 
ats. This design was necessary, as it was not feasible to build so wide a mat around 

> short a curve. The two connecting mats, the remaining shore- work, and the recov- 
-y of the anchors and cables were accomplished by November 6, and the work at 
f ickraan was closed on that day. 

Au itemized statement of the expenditures and other financial exhibits are here- 

i th. A map of the locality showmg the extent and position of the work is also 

it>mitted. 

Xlio statement shows the work to have cost $24.10 per foot of bank protected. Con- 

(l<3ring the unusual cost of grading, the width of the mat, the cost of providing the 

lehorage, and the small amount of work involved, this figure compares very favora- 

I y with previous work. 

Xo Inspection of the work has been made since the subsidence of the late flood, but 

•ivate advices from Hickman represent the work as having been entirely successful, 

» flisplaoementof any part of it having been observed. 
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.-i» Faint Bevetment. — ^A short piece of reyetment was projected here to check 
caving, which threatened the stability of the three crossings immediately below, 
e time the work wis be^n the portion of bank needing protection was about 
fisetlong, two in approximately straight lines of eqnal length, meeting in a very 
& angle. The lower half had the desired trend, its prolongation bemg almost 
"ly in the line of the crossing. It was decided to protect this part and postpone 
ipper half until it should have caved back to the same line with the protected 

•th this view a river mat 150 feet wide was beffnn on the 1st 6t Jnl^. It was 
>leted to a length of 800 feet and sunk on the 12Si. As caving was active at the 
die work was begun, the river-mat was laid in advance of the grading. The 
r was begun as soon as the mat was down and the connecting mats and shore- 
: were completed on the 9th of August. 

'iftier« Point Bmetmcnt.—The project approved for this locality contemplates the 
traction of a continuous revetment from the extreme point up, an estimated die- 
e of 5,000 feet, with a probable cost of $100,000. The delivery of stone began in 
latter part of May, lti89, and by the end of the last fiscal year it was mostly 
ed on the bank. 

a the 23d of July grading was begun at the lower end, and on the same day a diver 
h' a blasting equipment began the removal of snags, which was completed on the 
of August. The latter days of the month were occupied in the preliminary work 
Ireasing the slope and storing brush on its c^^d on the Slst the weaving plant was 
' ia operation. The plan adopted was to build the revetment in five sections, bo- 
ning at the lower end. The method used was that of lateral continuity, in which 
shore revetment is built whoUy or in part and connected to the river-mat before 
.ving the latter, as already described in connection with work on Sections A and £, 
tcher^s Bend. The river-mat was 200 feet wide, but was held out by a line of pil- 
BO as to give a protection equal to that of a 225-ioot mat. This method was 
pted on account of the limited length of mooring and weaving barges avails 
d. The first mattress, 1,100 feet long, was sunk on the 19th of September, and the , 
>nd, begun on the 21st, was sunk on the 2d ot October. The third section was be- 
> on the 5th and sunk on the 19th of October, and the fourth section begun on the 
h. Early in November the river began to rise, with much drift running, and at 
Bame time work was retarded by local rains, causing loss of time and shortening 
• brtish supply. On the 9th of October, when 800 feet of the fourth section was 
npleted, the condition of the mooring barges became somewhat critical and it was 
^ided to sink the upper part. The section was successfully completed and the rest 
it sunk on the 11th. 

By this time the water-surface had risen almost to the upper edge of the 4,000 feet 
partial shore- work, and as the reports from above indicated a considerable further 
■ie, the entire force was set to work to complete the shore- work to the top of the 
ink. The rapid rise and unfavorable weather continued, and it was with great dif- 
'/ully that the work was kept ahead of the water, the force being worked on Sun- 
hys and on several days of steady rain. By the end of November this work had 
•en completed, the condition of affairs at that date being 4,300 feet of completed 
i>rk, 1,100 feet of finished grade, the river high and rising, and work temporarily 
ispended. As the river fell some caving took place along the grade of Section 5, 
hich was also inj ured throughout its length by wave-wash . Considerable work was 
-squired to restore it. 

Weaving could not be resumed until December 19, when the fifth and last section 

-as begun. It was completed and sunk on the 2d of January, 1890. The work had 

een extended up-stream to reach a deep pocket in the ori^nal bank-line, where a 

dtnrn could be carried back to protect the head of the work from being fianked. A 

hort mat was built to carry the under-water protection around the flank, and the 

tpper bank was graded to a cone, on which the upper work was laid. At the head of 

be first or down-stream section there was also a pocket, around which the grade 

onld not well be carried. The river mat was made continuous across its chord, an 

rregnlarly-shaped mat was made and sunk on its floor, and a protection was carried 

•ip aronnd its sides on a sand-beach or natural grade to about mid-stage, On the 

lower flank a conical return was made, as at the head of the work Just described. The 

upper flank was graded and left without protection. These constructions and the 

completion of shore- work of Section 5 occupied t<he time until January 14, when the 

plant was withdrawn and the force disbanded. 

The work as completed forms a continuous protection 5,300 feet in length. It is on 
an extreme point which was rapidly caving and has an unprotected bend. Heretofore 
caTing, above it. It is desi|rned to form a fixed guiding line at all stages to deflect 
the current over the bar, and will greatly contribute to the stability of the channel, 
more so than the same amount of work in any other place could possibly do. As it 
must fhmi its situation receive continuously the full impact of the stream, it was 
made somewhat heavier than usual, and especial attention was given to details of 
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oonstrootioD, iavolving at times a slij^htly greater oost. The coet was farther in- 
creased by the rebandling of stone, which was delivered before the work began, piled 
on the bank and again wheeled partly on barges and partly on the mat and ahorr- 
work direct. The total field cost was |19.05 per foot of bank protected. 

Elmoi and Island, thirty dikes.-^ The design and parpose of these dikes, the constmc- 
tion of the shore protections, and the greater part of the foot-mats for them, and tbe 
necessary postponement of the pile-driving on acconnt of the stage of water not 
havinff been sufficient to float out the piles, were noted in the last report. 

In the latter half of Jnne, m89, the constrnction of foot-mats was resamed and 
almost completed when the falling river necessitated a withdrawal of the plant. On 
January 30, 1890, a sufficient stage having been reached to enable the contractor tc 
float out the piles, operations were again resumed, the completion of the foot-mau 
receiving first attention. Actual pile>driving began on February 3 and continoed 
until the middle of March, when, the river being at extreme flood stage and all work 
which could be advantageously done at that stage being acoomplisned, operatioiu 
were temporarily suspended. They were resumed on April 17, and at the date of thi/i 
report the dikes are within a few days of completion. Data as to cost mast be 
deferred for a future report. The locations of the dikes are shown on the map of the 
reach herewith. 

The routine surveys ou the reach, having for their object a connected history of 
the improved channel, have continued. The principal results are collected in an 
appended table at depths and velocities at different dates. The party has obtained 
other important data, both here and elsewhere. 

None of the works have been injured during the year. As previously reported, the 
completion of the Fletcher's Bend revetment has been delayed to await the final de-^ 
struction of a detached piece of old work projecting into the river and the recession 
of the bank to a fair line. During the last working season a deficit of stone occurred 
and some was removed from this old work, thus hastening its destruction. During 
the late flood it finally disappeared, and at the date of this writing the shore-line has 
the position shown on the map. The project can be completed at any time when 
funds are available. 

The Plum Point Heach was selected for improvement because it was known to In 
the most difficult piece of river below Cairo and with the idea that a favorable resnli 
at this point would be a crucial test and would establish beyond peradventnre tb< 
success of the system under which it had been achieved. Work has been in progress 
with some interruptions from lack of funds for eight years. The three features of tbe 
Commission's plan — protection of banks, contractiop of channel-way, and confinement 
of floods by levees— have nearly reached the development contemplated at the outset 
The question, *' What is the result f " will surely be asked and will be anticipated. From 
the stand-point of practical navigation the results may be summed un in the statement 
that as an obstruction to navigation the Plum Point Reach is a toing of the past. 
For the past three years the depth at extreme low water has not fallen below 9 feet 
and at higher stages the depths have been proportionately greater. The depths an' 
practically double those which obtained at the same places before the improvement 
was begun. The thalweg now remains unchanged during all stages, from extreme 
low water to extreme flood. The former shoal and shifting crossings have become sc 
permanent both in depth and direction that pilots seldom sound them or take anj 
note of them in their reports. 

While these facts are highly gratifying they do not present the results of the work 
in their largest and most important aspect. That the control of the stream at all 
stages will cause a permanent increase in the size of the bed and in its discharginc 
capacity is the fundamental principle upon which the improvement was projected: 
and by which it can alone be fully justified. That such increase has taken place ic 
the Plum Point Reach there in ample evidence. It is apparent to the most casual ob- 
servation of one familiar with the low- water aspect of the reach in 1880 and 1890. It 
is shown unmistakably by a comparison of the surveys taken at frequent intervale 
during tbo progress of the work. But it appears with the greatest clearness and cer- 
tainty by a comparison of low- water slopes, since that quantity is a f auction of all tht^ 
variables which enter the problem and is perhaps the most sensitive index which 
the river presents of the ultimate effect of changes going on in its bed. 

In a diagram submitted herewith will be found the low-water profiles of 1879. 
1886-'87, and 1889. The first represents conditions prevailing before tne improvement 
was undertaken while the others represent those of the improved river. The waters 
of 1879, 1887, and 1889 were, as seen by their elevations at Fulton, a point below th 
influence of the works, nearly of the same volume. That of 1886 wae greater in volumt^ 
but small enoagh to feel and manifest the effect of changes in the bed. If it had falh u 
as low as the others at Falton it would evidently have corresponded closely with Itf*! 
and 1889 above. These profiles show, as the result of the control of the stream by tbt- 
works and in addition to the deepening of the channel for navigation, a lowering of 
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1 to 3 feet in ihe sarface of low water of equal volame, bo distributed as to prodnoe a 
marked decrease of slope, whieh is an unfailing sign of an enlarged channel. 

What has been accomplished here can safely De promised elsewhere and with much 
less expenditure of time and money. Not only must other points be intrinsically less 
difidonlt than this, as before noted, but the knowledge of principles i^ained and the 
improvements of methods developed in this undertaking would make it easy to do it 
over again in half the time and at two-thirds the cost. 

There has been a marked increase in the river tonnage during the past year. The 
records containing information are so kept that a correct estimate of traffic can not 
well be made except for the entire river below Cairo as a unit. No new lines have 
been established during the year in the first district, but some of the existing lines have 
added new boata and have had their entire equipments more Ailly employed than 
ever before. Based on unofficial data and an extensive personal knowledge of the 
traffic in the diatrict, the amount of 3,500,000 tons is confidently stated as a minimum 
for the total traffic of all kinds passing through the whole or a part of the first dis- 
trict during the twelve months coveied by uiis report. There will be found here- 
with a tabulated statement of the shipments firom the port of Cairo, the principal one 
in Uie district, kindly furnished by Mr. £. W. Halliday, of that place. 

There are submitted herewith itemized statements of expenaiture, a map of the 
Plum Point Beach, showing the location of the various works, and a series of photo- 
graphs illustrating the methods of construction. 

There are also submitted consolidated statements of expenditures for the entire dia- 
trict, claanfied as to the manner of making them as required by law, a general bal- 
ance-sheet, and % table of values of plant. 

Very lespectftilly, your obedient servant, 

Smith S. Leach, 
CapUUn of JSngineerM, 

General C. B. Comstock, 

FttMmi M%99%89%pp% River CommtMioii. 



APPROPRIATIOM VOR IMPROVING MISSISSIPPI RIVER, FIRST DISTRICT. 

Money statement. 

July 1, 18a), balance available $270,001.30 

June 5, i@<^» amounts allotted by Mississippi Biver Commission to Plum 
Point Keach, viz : 

From unallotted reserve |129, 586. 85 

From general service allotment 19,000.00 

November 30, 18d9, amount refunded on account of overpay- 
ment 1.00 

148, 587. 85 

Total 418,589.65 

Amounts transferred as follows : 

March 15, 1890, from levees. Plum Point Beach, to pro- 
tection of leveee, fourth district 19,000.00 

March 22, 1890, from Plum Point Beach to protection of 
levees, second district 2,500.00 

March 31, 1890, from maintenance of existing works to 



protection of levees, third district 27,250.00 

pril 22, 1890, from Plum Point Beach to protection of 

levees, fourth district 17,000.00 



Jane 30, 1890, amount expended from June 1, 1889, to 
date, exclusive of liabilities: 

Outstanding June 1, 1889 276,306.14 

June :i0, 1890, amount expended by general service, as 
follows : 

On account Hickman, Ky 3.288.83 

On account Columbus, Ky 2,599.08 

Outstanding Uabilitiea 4,096.75 

352, 040. 80 

JnneSO, 1890, balance available 66,548.85 

Amonntthatcanbe profitably expended in fiscal year ending June:^, 

1892 1,000,000.00 

\ Submitted incompliance with requirements of sections 2 of river and 
L harbor acts of 1866 and 1867. 

B]^a 90 ^201 



/ 
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General balance aheeU 
PLUM POINT KEA:CH. 



1889. 
Jnoe 1 



June 5 
Not. 80 



To balance, inoladinir esti- 
mated liabilities 



To amoant allotted by Mia- 
sisaippi Biver Cornmia- 
sion 

To amount refunded on ao- 
ooimt of OTorpayment ... 



$114,813.70 

148,586.85 
LOO 



282,010.55 



1890. 
Mar. 22 



Apr. 22 



Jane 30 



Jnne 30 
June 30 



By amount transferred to 
protection of levees, sec* 
ond district 

By amount transferred to 
protection of ieyeea, fonrth 
district 

By amonnt expended from 
Jane 1, 1889. to date 

By liabilities 

By balance 



12. MO. 00 



17.O00.d» 

231,23&33 
3, 776 75 
8,388.47 



262, 9015 



MAINTENANCE OF EXISTING WORKS, FIRST DISTRICT. 



1880. 
Jnne 1 



To balance.. 



$27,350.00 



1880. 
Mar. 31 



By amonnt transferred to 
protection of IcToes, tbixd 
district 



$27,290.00 



LETEBS, PLUM POINT BEACH. 



1889. 
Jane 1 



Tobalanoe 



$19,894.60 



19,894.60 



1890. 
Mar. 15 



Jnne 30 
June 80 



By amonnt transferred to 
protection of levees, fourth 
district 

By amoant expended to 
date 

By balance 



$19,000.00 

818.63 
75.97 



1^894.60 



SURVEY OF ST. FRANCIS FRONT. 



1889. 
Jnne 1 



To balance, inclading 
mated liabUitles.... 



esti. 



$643.56 



1890. 
Jane 30 



By amoant expended to 
date rr. 



$643.56 



OBSERVATIONS AND DISCHARGES, FIRST DISTRICT. 



1888. 
Jnne 1 



To balance, including esti- 
mated liabUiUes 



$500.92 



1890. 
June 80 



By amoant expended to 



$500.92 



GAUGES. FIRST DISTRICT. 



1889. 
June 1 



To I balance, including < 
mated liabiUtiea 



$1,651.50 



1,65L50 



1890. 
Jane 80 



June 30 
Jane 30 



By amoant expended to 

date 

By liabilities 

By balance 



$720.00 
180.00 
751.60 

1,651.59 



APPENDIX W W — ^SEPOBT OP MISSISSIPPI RIVER COMMISSION. 3203 

G€ner€U hdlamce shed — Continaed. 
SURVEYS AND EXAMINA.TIONS. FIBST DISTRICT. 



1889. 
Junel 


To bftlmce ...••■ ....^.t.... 


02,744.91 


1880. 
June 80 

Jnne30 


By amount expended to 
date 








0903 46 
1,841.45 




By balance... ...... ........ 








2,744.91 


2,744.91 


HICKMAN, KBNTCrCKT. 


Jaoel 


To balance, Inclnding esti- 
mated UaoUitiea 


078,007.78 


1690. 
June 80 

Jane 80 

June 80 


By amonnt expended to 
date.. 


020,071.19 

3.288.88 
48,047.78 






By amonnt expended by 
general serrioe 




By balance 








78. 007. 78 


78,007.78 


COLUMBUS^ KENTUCKT. 


1869. 
Janel 


To balance, including eati- 


088,894.87 


1880. 
June 80 

Jnn«80 

JnneOO 
June 80 


By amonnt expended to 
date........x. 


028,709.83 

2,599.08 
140 00 






By amonnt expended by 
general eervioe.... 




By llabiUtiea 




By balance...... .^aua^ 


12,870.10 








89.334.87 


89,324.87 



yiBBT DISTRICT. 

DUhuriemmU made under appropHatione far impr&vimg Mieeieelpvi BUfer, aoU of Auguet 
b, 1986, and Auifuei 11, IS^. > ^ n 

[June 1,1888, to Jnne 1,1880.1 



Contraota made witli— 



For wfant made. 



DtabniBe* 

menta under 

oontraot. 



TotaL 



J.J.Carr 

Madison Marine Railway Company (balance)* . 



Hunter 4& Trey .. 

Bryant Sl Picket . 

Total 



Piling 

Hull and cabin 

of tow-boat. 
Willow brush 

and poles. 
,...do 



032.40 
0,000.00 

20,004.03 

7,004.48 



83,70L52 



032.40 
0,000.00 

90,004.03 

7,004.48 



88,701.03 



* Original oontraet for 010,000; part payment reported in 1889. 

DiahurBemenU made oikervnee than nmder contract. 



For wfant expended. 



By public no- 
tice and sealed 
proposals. 



In 
mar] 



open 
rket. 



LiAbilitiea. 



TotaL 



Material and supplies . 

Subsistence 

Services 

Tools and appliances . 
Miscellnneous 



Total. 



030,871.00 
24,328.63 



8,98LQ2 
041.85 

68;80L85 



026.017.75 
10, 890. 62 

182, 316. 95 
10,739.41 
8,026.60 

183»691.18 



0fl76i70 

1,429.10 

8,030.00 

7.50 

477.00 

"mooToo 



058,364.51 
30,048.20 

185,980.95 
13, 707. 93 

4.i4&a. 

248,808.00. 
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Ahstraotofproposalsfor furnishing willow brush atid poles for Plum Point Seciohf rweivtd 
in response to advertisement dated June 1% 1889, and opened July 12, 1889, by Capt. 
Smith 8, Leaohf Corps of Engineers, U. S. Army. 



No. 


Name and addnaa of bidder. 


10.000 OOTdB 

of willow 
bmah. 


2.000 cords 

of willow 

polea. 


TotaL 


Semarka. 


1 
2 


Hnnter & Prey, Kemphia, Tenn . . 
Franklin Sc Vance, Garvey, Ark. . 


Per cord. 

$1.07 
1.15 


Per eord. 

$1.65 

2.00 


$14,000 
7,750 


Accepted. 

Bida made for one-half of 
required qoantitioa. 



Abstraei of proposals for furnishing toillow brush and poles for Hickman and Columbus, 
Kentucky, received in response to advertisentent dated June 20, 1889, and opened July 20, 
1889, by Captain Smith S, Leaoh, Corps of Engineers, U. S. Army. 



No. 


Name and addreaa of bidder. 


10,000 cords 

of willow 

brosh. 


2,000 cords 

of willow 

polos. 


Total. 


Bemarka. 


1 

2 
3 

4 


A. C. Terrell, Memphis. Tenn 

Whitney Gilbreath, Ava, III 

Afrnus McDonald, Memphis, Tenn. 
Nathan W. Tucker, St Louia. Mo. 

Bryant A Picket, Highman, Ky.. 
Vance & Franklin, Garvey, Ark. 


Per eord.. 

$1.20 

1.20 

1.20 


Per eord. 

$].02i 

1.50 

1.75 


$15,250 

l^ooo 

15,500 


So prloea stated in propoo- 

Bids made for one-half of 
required qnantitiea ae- 
eepled. 


5 
6 


1.05 
1.15 


1.25 
L70 


6.500 
14,150 



IMPROVING MISSISSIPPI RIVKR. 

Itemized statmnent of expenditures on works of construction in first district, from June 

1, 1889, to June 1, 1690. 



Artiolee. 



Care and 

repairs 

of plant. 



Sbrveya. 



Fletcher's 

Bend 
Revetment 



Elmot 
Chute Dike. 



Island 30 
Chute Dike. 



Cdal 

Iron 

Lumber 

Nails 

Oakum 

Oil and supplies 

Paint 

Pipefittinga , 

Kone 

Spixes 

Towing 

Piling 

Wire and wire stands 

Brosh 

• Poles 

Stone 

Miscellaneoua 

Superiniendence and labor., 

Total 



$1,221.18 
961.87 
2,587.50 
92.53 
636.17 
305. 20 
386.98 



212. 71 

7, 044. f>0 

46.40 



1. 080. 83 
45. 080. 02 



50, 983. 15 



$628.57 
63 



42.00 



82.81 
4,714.94 

5. 418. 45 



$267.06 
1.50 



$767. 19 
7.25 
9.16 



16.33 



88.57 



78.60 

66.00 

1.237.05 



1.556.77 

5,440.06 

872. 41 

7, 042. 70 

1.25 

11, 249. 68 

28, 729. 31 



230.55 

1.290.82 

8, 761. 14 

2,123.73 

127.25 

14a 00 

64.80 

24.51 

11, 002. 11 

19,640.06 



$334.93 

3.31 

06 



50.45 



21.60 
104.83 

774.41 
8,028.88 
1, 540. 79 



11.62 
5,443.60 

10. 314. 07 
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Itemized statem&iU of expetuUiures on tporks of consiruetion, 6to.— Oontinned. 



Articles. 


Daniel's 

Point 

Beretmeot. 


Plnm Point 
Reyetment. 


Hickman, 
Ky. 


Golnmbos, 
Ky. 


TotaL 


Coal 


f2,088.36 

42.84 

4.05 

1,40 

3.67 

93.04 


1385.17 
1.20 


$576.16 

69.60 

180.40 

11.80 


1633.15 
80.17 


$6,902.66 


Iron ...•••..••>>>•*••....••>>•>•.•««... 


1, 107. 27 


Lnmber •• •^.... 


2,742.15 


Niiila 






105.72 


Oakum 






68a 84 


Oil And supplIoB 


7.65 


128.00 
6.66 


7&88 


796.62 


Paint ::. 


803.64 


Pineflttlnsa 








828.38 


Hope 

SpfkM 


57.44 

li7.20 

4,427.27 


45.00 

16.50 

521.53 


66.25 

85.75 

670.73 

36.40 

960.01 

3,285.45 

476.00 

4, 482. 75 

93.37 

11,136.09 


117.71 

72.30 

1,267.47 

121.44 

010.53 
2,777.25 

525.62 
3,716.28 

801.10 
12,156.84 


886.60 
885.84 


Towinff ...,.^,.,,-.......r 


17,248.08 


piu^?.;;::::::::;::::::::::;::;:::::::: 


5,094.26 


Wir© and Vlro stnmds 


4,818.07 
20,343.34 

2,401.29 

14,602.83 

216.27 

47,448.92 


572. 83 
1,980.50 

245.78 

2,180.49 

1.20 

4,802.77 


12; 481. 63 


Brash 


88.908.94 


Poles ; 


4,660.05 


Stone 


82,008.86 




1,762.55 


Siiperln1endeB<M)Mid labor .............. 


158,035.00 






Total 


96,606.39 


10,719.66 


22,168.80 


22,706.88 


270,87&64 
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Approximate value of plant heloiiffing to the United States and need upon the improvma 
of the Miesimppi Bivery first district. 


Class of property. 


No. 


Approxhaate 

valne May 

81,1800. 




N& 


Approximak 

▼aloe M&T 

31, 1860. 


8t«ftmflr Titan.. . 


28 
14 

2 


5,787 

5.996 

3,025 

454 

48.814 

19,754 

8,874 

4,388 

2,793 

17,349 


De<^ Air .bna^ta . _ 


1 

23 

1 

1 

24 


12,3 
12, Ti 

U 

US 

5 
U 


Steamer P. Kimt 






Bi 
M 


trgeii 






*Bt9tLmffv Ttoffa. . 










Steamer AhboU 


FlAAfinir Ant^ 


Lannoh I%temitt 


Sk 

T( 

Ol. 


^AFm 






Pile-drivers 


>ol8 and appliances 
phinery . , 


and ma- 


Quarter-boats 


Kattjress boats 


Raa AimltnrA . 






Ifoorine-barires .--• 


surveying Inftm mental 




R«nrt--nntwn 








Chraders 




Total 


176.: 








Table shovoina comparative least channel depths and velocities in various channels of t* 
improved portion of Plum Point Beaohf Mississippi Biver. 




1. 


First group. 




Second 


gronp. 


Looalitlei 


Lower Plnm Point 
Crossing. 


Ballerton Chan- 
nel. 


Island 80 Chan- 
neL 


Lynoli Ghann*' 


Date. 


aange. 


Depth. 


YelMJity. 


Depth. 


Yelodty. 


Depth. 


Velocity. 


Depth. 


Velfl 


1889. 
Jime 6 


15.75 
16.20 
17.75 
17.70 
21.60 
14.50 

n.6o 

11.25 
12.25 
12. f>0 
11.20 
10.70 
7.90 
C70 
4.30 
2.00 
1.80 
0.00 
—2.00 
—1.70 
1.00 
8.90 
16.00 
16.55 
18.10 
10.80 
10.25 
10.60 

10.00 
26.00 
29.30 
29.30 
24.30 
26.00 
28.00 
23.25 
23.78 
18.45 


31.1 
81.0 
83.0 
34.0 
87.0 
31.0 
2&0 
26.6 
27.5 
27.5 
28.0 
26.0 
22.0 
20.0 
19.0 
13.0 
12.0 
12.0 
10.0 
10.0 
13.0 
22.0 
32.0 
31.0 
32,0 
24.5 
23.0 
24.0 

23.0 
88.0 
43.0 
44.0 
39.0 
40.0 
42.0 
38.0 
37.0 
80.0 


4.08 
4.11 
4.00 
4.03 
4.18 
8.93 
4.04 
8.80 
4.00 
8.96 
4.14 
4.27 
4.45 
5.30 
5.88 
8.98 
4.48 
4.53 
4.14 
3.95 
8.21 
8.29 
8.37 
4.57 
4.37 
5.53 
4.14 
4.49 

4.41 
4.56 

4.26 
4.53 


11.5 
11.5 
14.0 
16.0 
18L0 
8.0 
8.6 


8.20 
8.28 


81.0 
33.0 
35.0 
83.5 
38.5 
29.0 
27.0 
26.5 
27.0 
28.0 
26.0 
27.0 
24.0 
23.0 
24.0 
16.5 
15.0 
13.0 
13.0 
13.0 
19.0 
28.0 
36.0 
85.0 
35.0 
29.0 
30.0 
28.0 

28.0 
44.0 
45.0 
48.0 
39.0 
40.0 
45.0 
36.0 
86.0 
82.0 


5.84 
6.80 
5.46 
6.81 
6.65 
4.78 
4.52 
4.85 
5i00 
4.92 
4.45 
5.53 
5.30 
6.42 
6.50 
4.76 
5.11 
4.95 
3.75 
3.83 
4.60 
4.72 
3.56 
8.33 
4.60 
5.03 
6.08 
4.49 

4.72 
6l11 
5.88 
4.01 
4.22 
4.87 
4.10 
5.49 
6.19 
5.18 


18.0 
16.0 
18.0 
l&O 
25.0 
15.0 
10.0 
8w0 
9.5 
9.0 
8.0 
8.0 
5lO 
8.0 
1.0 
1.6 
8.0 
2.0 
2.0 
2.5 
6w0 
12.6 
20. U 
21.0 
20.0 
11.0 
11.0 
U.0 

10.5 
35.0 
29.0 
28uO 
186.0 
17.0 
83.0 
28.0 
25.0 
20.0 





11 


14 


17 


8.26 
8.78 
8.15 
2.76 


24 


Jnlv 6 


^ 9 :;::::;.: 


15 


19 


6.5 
&5 
4.0 
2.5 


8.04 




29 




Ao£. 2 


2.86 
L82 


4 


* 9.:...;.!. 


s 


16 


1 


21 






s 


29 






3 


Oct 3 






t 


9 






1 


14,.. 






1 
1 
1 
3 

: 
1 

j 

< 


22 






29 






Nov. 7 






15 


0.7 
8.5 
9.0 
11.0 
2.5 
2.0 
2.5 

2.6 

18.0 
20.0 
23.0 




22 


3.66 
2.59 
8.67 
1.31 
1.48 
2.09 

L63 


29 


Dec. 5 


12 


19 


27 


1890. 
Jan. 2 


17 


24 


3.52 
8.05 


31 


Feb. 7 


4.22 1 i8.0 
4. 26 20-0 


13 


4.06 
4.14 
4.64 
4.83 
8.75 


21 


3.95 
4.49 
4.91 
4.17 


23.0 
11.0 
16.0 
12.0 


Apr. 28 


lOiy 6 


^ iS::::::::. 
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■<»8n»oi»a 




0.61 
0.29 
0.52 
L88 
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The Growings fonainf: group 1 of thA tobto in*y be ooDsidered as oompetlfcon far tbs ohsimtf over 
Ballerton Bmr. Bailerton huinel h»s remaiued pakrtly obati-aoted by the diverting aeUon of the works 



thib bulk of the water sad lemslned good* 

Commmrc$, trade, mamttfacktre, m»d noHgaUim of Ihe eUy 0/ Cairo, HUnoU, for iko yottr 

^' ^ Apra 30, 1890. 
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RKPORT OF CAFT. 8. 8. 



rSACH, CORPS OF ENOINXBR8, UPON OPERATIONS IN THX 
8BC0ND DISTRICT. 



United States Engineer Office, 

MemphU, Tenn,, Jun^ 1, 1890. 
General : I have the honor to submit the following report of operations in the 
sHcoad district under the appropriation for improving MisoisBippi River, aot of An- 
ga8t U, 1838, from May 31, 1889, to May 31, 1890. 

The part of the river to whioh this report relates, known as the seoond district, es* 
tends from the foot of Island 40 to the month of White fiivoTi a distanoe of ISO miles. 

MEMPHIS harbor. 

In the last annnal report mention was made of a reoommendation to the Secretary 
of War to apply a portion of the balance nnder this title to converting into perma- 
nent stroctnres the parts above low water of the Citizen's dikes, at the lower end of 
the protected front. This was not included in the original design, as it was hoped 
that accretions during the life of the brush-cribs wonld nearly or quite cover and 
8u peraede them. This expectation has not been realized,- and it having become neces- 
sary to atrengthen or lose them, the plan of conversion was adopted. The project 
was duly approved and its execution begun in October, 1889. The main dikes, 2, 3, 4, 
and 5, were completed before the rising river put a stop to the work. Dike No. 1 re* 
quired but little and that not of the first importance. It is now entirely masked by 
tarth domped above it by various parties. Each of the four dikes named was cov- 
ered with earth| topped with a layer of gravel 1 foot thick and a paving of stone 10 
inchee thick, the hole so disposed as to have its net crest-line coinciaent with the crest 
of the orib-dike when new, with a grass grade higher at aU points by one-fifth of the 
height of firesh earth, and cross profiles of 20-foot crown, 4 to 1 slope down and S^ to 
1 slope np-stream. At the lower end the embankment rested against a toe or abut- 
ment of random stone, which was earefhlly developed without breaking into the 
paving. 

The materials were nrocured by open-market purchase, the earth at 34i cents per 
cubic yard placed in the embaukmeut to lines and grades, the gravel at 30 cents per 
yard loaded on barges delivered ac tlie work* and the stone at (^ per yard under the 
same conditions. The gravef and stone were placed by hired labor. Some stone in 



addition to first estimates was required by reason of the sliding and sinking of the 
riprap abutments. It was obtained from the reserve stock of the Hopefield revet- 
ment, and was handled by hired labor. Besides the trouble with the abutments, 
work waa retarded and made more costly by the stage of the river whioh, after a few 



days at low stage, began rising rapiiUy, making it necessary to transfer men and 
torial from one dike to another with great frequency to keep ahead of the water. 
A tabulated exhibit herewith shows the cost of this work in detaiL 
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rbieh eat the season in two, and when work had to be snapended, while expensea 
Kwld not be, bnt an indifferent showing could be made, and at theend the exhaostion 
tf funds foand the projeot not completed. 

A third floor-mat at the site of Diike No. 1 was completed and snooeasfhlly snnk on 
Septembdr 24. The single crib forming this dike was at once began and was sunk 
m the 30th, completing the snbaqaeous portion of Dike No. 1. The crib is 20 feet 
iride,250 feet long, and Taries in height from 6 to 12 feet, to bring its top on the re- 
iniied crest line. Daring the first half of October the snbaqneoas part of Dike No. 
t was completed, consisting of floor-mat 200 by 330 feet, and two cribs, one 260 by 30 
ly 6 feefc, and one 275 by Id by 6 feet. In the last half of the same month the floor- 
Date of Dikes 3» 4, and 5 were laid, as the stage of river was favorable for that part 
ef the work. 

On October 15 a slide in the bank ocoarred, exactly on the line of No. 4 dike. A 
fow dsys later it extended down stream to the axis of No. 5. It made necessary a 
modificsUoD of the plan of No. 4 by extending the floor mat and cribs inshore to the 
edgb of the slip, to protect the disintegrated earth and flU oot the profile of the dike. 
This change increased the cost of the dike and helped to create the deficit. 

By the middle of November Crib I of Dike 3 was in place and Crib 2 of same dike 
sod Crib 1 of Dike 4 were partly built. The river had reached a 16-foot stage and 
vu rising fast, making farther operations on the river impossible and limiting them 
to the shore end of No. 4 and embankments of 1, 2, and 3. These parts of the work 
vere finished by the end of November and operations entirely suspended to await the 
^line of the river. The high stage continued during December, and when early in 
JaoQuy the fftUing river reached a stage at which operations could be resumed, it 
almost immediately began to rise. The partly finished second crib of Dike 3 was 
completed and sunk on January 13, and operations were then discontinued. 

The portion of the dikes completed and that remaining to be done are shown on 
the msp of the locality herewith. 

The magnitude of tiie difflcnlties encountered during this season and relied upon to 
oxcQse the failure to complete the project within the estimated cost may be better 
appieeisted by the consideration of some administrative details. The expenditures 
ibr administration and care of plant were greater by |3,000 than they should have 
Itoen on the basis of the percentages realized in the case of the Memphis dikes, the 
ody similar work available for comparison. This represents a part of the direct loss 
uom the interruption of work by high water. A similar comparison gives an excess 
^l|000, under the head of general repairs, a sum which represents the an usual 
Dieakage and other damage due to the excessive strain to which the whole plant was 
*Qbjecied. At the beginning of the season cordage was supplied sufficient in quantity 
roraUreqnirements, as estimated from previous experience. Before the close it had 
OND necessary to sopply over $2,000 worth in addition to meet the losses by break- 
i«e sod to provide the extra strength which was plainly required. Each dollar of 
uii represents another one, and perhaps more, involved in delays and the handling 
ud rehandling of the extra lines. All this is in addition to the value of the two 
Btatolost, say 15,000, a sum which alone exhausts the percentage usually estimated 
lor contingencies. Even with this loss, under the most unfavorable conditions en- 
coaotered elsewhere in the experience of the present writer, the project could have 
wen completed with the funds available. 

The financial statement and other exhibits herewith show in detail the cost of the 
vork done and the balance of the appropriation remaining on hand. The latter con- 
Bute exclusively of materials for construction, purchases in the principal lines having 
oeeo made at the beginning of the season ana for the full amounts of the estimates. 
^^ on the known quantity of work to be done and the known cost of that already 
<iODe, with allowance for the increased expense dae to a mobilization of plant for 
"ich a small expenditure, it is estimated that an additional sum of $15,000 will be 
^'^^^^f'afy to the completion of the project, and it is recommended that the sum 
^^^"^^ provided by allotment if it should not have been done by appropriation. 

DETAILS OF COKSTRUCTION. 

Under the present appropriation there have been constructed in the first and 
KcoQd districts, since September, 1888, over 4^ miles of snbaqaeous mattress of all 
f^'^of which 3f miles have formed part of completed standard revetment. This 
2^'^DJDfaot the first period of genuine activity since the beginning of 1^85. 

"* experiences have contributed greatly to the development of a satisfactory type of 
^Qtinoons revetment, the fundamental requirements of which are now clearly seen 

^.^^ principal lines of future improvement strongly indicated. 
..°®®*tter of first importance is a sufficient width of subaqueous mattress, for if 
i/r ** nndetermined the revetment may be carried out bodily, or so broken up, both 
thl^Tif^ ikbove the water, as to lose its resisting power. It is manifestly desirable 

^ 4ie outer edge of the mat should reach to or beyond the ihdl^D^, and in most 
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eases of banks needing protection it can be so arranged. It happens that the width 
from low- water line required to do this seldom falls enough below 200 feet to oli'set 
the adyantages of uniformity in that regard, and that width may now be accepted 
as a minimum for the npper part of the river. From this minimum the width tna^y 
be increased as seems necessary. It will be better to keep the inside edge at lowj 
water and weave a mat of the desired width. Should the available mooring andj 
weaving plant lack something of this width, the inside edge may be held oat 2^* or 
:)0 feet and the connection extended to join it. This was done at Daniel's Point, 
when, with only 200 feet of mooring and weaving barges, the outer edge of the suh^ 
aqueous mat was left 225 feet firom low water. A braSdd bent of piles should always 
be driven to take the thrust of the mooring-bargesi and a line of single piles 50 f«-et 
apart along the inside edge of the mat is a great convenience in weaving and sink- 
ing. All these piles should be pulled before the work closesi or, if that is too diffic u It; 
they should be cut off at the level of the mat. If left they are most dangerous oh- 
structions. 

It is in the construction and sinking of the subaqueous mattress that occur all thei 
critical situations, interruptions, disasters, and losses, which, though constantly de- 
creasing with added skill and experience, have up to the present time made the coAt 
of such work sometimes excessive and always uncertain. They have hampered the 
administration of the work by making it impossible to foresee when operations coald| 
be commenced or how long they might be prosecuted. They have originated alnicMtj 
exclusively in two causes — ^the presence of drift and the inefficiency of the fastenings 
relied upon to hold the plant in position. These fastenings have consisted of mani 1 la 
head and shackle lines, the former fastened to timber-heads on the mooring-bar^es 
and the latter to straps built into the mat-head, and all led obliquely to fixed points 
on the bank. These large lines sagging into the water are swept by the current ont 
of vertical planes and assume positions represented by the dotted lines on the accom- 
panying sketch (Fig. 1). The efficiency of each line in its actual position is the same 
as that of a straight line having the direction of a tangent at the point of attachment 
to the mooring- barge. Drift lodging against the lines increases the displacsement, 
which has the additional disadvantage of being at a maximum on the outside lines, 
which sbonld be the most secure. The greatest trouble caused by drift is during the 
sinking. When a quantity has passed under the mooring-barges and lodged under 
the mat, as is usually the case, its buoyancy must be counteracted by an ezoess of 
rock placed on the mat immediately over it. The composite mass of wood and stone 
is in unstable equilibrium during sinking, save from the resistance of the mat to flex- 
ure. The impact of current may overcome this and cause the drift to move, when, its 
upward thrust and the weight of the rook no longer counterbalancing each other, 
the mat is torn across and partly or wholly lost. Several plans for keeping the plant 
clear of drift have been discussed, and on one or two occasions loaded barges have been 
strung aloni^ the outside line to form a sheer boom. Such devices are only partiiU^I y 
successful, tor some pieces will strike and dive nnder and others are water-logged and 
float so low that tbey miss the boom. It has been discovered that all the drift that can 
lodge in front of the mooring-barges does not cause a great strain and it has been pro- 
posed to throw out fender-barges above the mooring-barges and hang festoons of chains 
from them in such a way as to catch the drift and hold it until the accumulation safficen 
to form a natural boom. This plan was tried at Helena near the close of the season and 
the report upon it is sufficiently favorable to warrant its farther use. The disposition of 
the barges and chains is shown in a sketch submitted herewith (Fiff. 2). It has tbe 
additional advantage of providing a basis for an improved system of fSutenings, oon- 
sisting of steel cables running parallel to the current as shown. On the map of Hick- 
man Harbor, herewith, is shown a method of fastenings used there and with some 
modifications at Columbus. It meets that problem fully, but does not provide against 
drift. On the last mat at Daniel's Point a bet of steel shackle-lines was snbstitu ted 
for the manilla ones, with such manifest advantage as to make it certain that the 
strong predilection heretofore existing in favor of manilla Is baseless, and that that 
cosily item of equipment may be greatly reduced. All head and shackle lines may 
be or metal with great increase of efficiency and saving of cost. 

The method of connection between the sub-aqueous and shore-mats, introdnced 
during the past year, in addition to its other advantages, contributes greatly to the 
ease and certainty of the difficult operation of sinking. It will be remembered that 
formerly the ri ver^mat was laid w ith its inner edge at about the low- water line. Next 
the shore work was placed, extending down the slope to the actual water line at the 
time. The strip of bank between these lines was then covered by connecting mate. At 
the time of sinking, theriver-mat was entirely free except at its head and exoept also, 
that cables were laid to prevent its moving out towards the river. The cables rarely 
had anything to do, for the tendency was usually to creep up the bank toward the 
foot, probai>ly due to t^e greater strength of current on the outside, which took all 
slack out of the cables and lashings and lengthened the outer edge of the muL Bj 
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the method now in ase, the oonneotlon U made before sinking, and its taU. strength is 
available during that process to hold the inner edge of the mat in position. 

A second vitai requirement of a good revetment is a sufficiently flat grade above 
low water. If the slope be too steep, slides or sloughs will occur, each displacing the 
corresponding portion of brush-work and tearing it loose from the adjacent parts. 
Breaking the continuity lessens the resisting power of the revetment, since the torn 
tiifre^ are attacked and gradually destroyed under conditions which are not present so 
long as the bond is unbroken. 

At first this sloughing was looked upon as something mysterious and was dreaded 
accordingly. Later, its cause was recognized in the efflux of ground water, but even 
then its nature was misapprehended. £fforts were made to meet the difficulty by 
drains and buttresses and the most persistent cases met with were conquered by these 
means, but at considerable cost. It is now seen that the natural bank graded to a 
slope and surcharp^ed with water behaves precisely as any other earther slope would 
do. If too steep it will slough, otherwise it will not If a levee or other artificial 
embankment will slough at 3 to 1, a graded bank of the same material can not be 
expected to stand at the same slope. Carrying the analogy further, it may be ob- 
served that sloughing rarely reaches the top of a levee and never begins there. A 
banquette or other support at the bottom of a slouch stops it by raising the foot of 
the aiope until it is flattened to the point of stability, while above the slough, the 
originskl slope remains, or becomes even steeper in some cases. The evident necessity 
of a flat and regular grade, especially near low water, points to the desirability of 
means for making such a grade under water, since in most years the extreme low- 
water season is too brief to do much work, and in some that stage is not reached at 
all. It will often be necessary to grade at higher stages and when it is so, it is essen- 
tial to reallv good work, that the slope be continued under water to extreme low 
water, and rorther, would be better. Some experiments in this direction have been 
made, but have not been carried far enough to give definite indications. Of course 
it can be done. It Is only a question of cost. 

It may be possible to partly offset the Increased cost due to increased width of shore- 
work on a flat slope by making the upper third steeper. This was tried on a small 
scale at tbe head of the Daniel's Point work, where the lower slope of 4 to 1 was 
changed to 3 to I above, making the entire width of shore- work 10 feet less than 
would have been required by an uniform 4 to 1 slope. 

In still another direction an effort has been made to narrow the shore work bv ter- 
minating the grade at its upper edge in a vertical bench of such height as to bring 
the upper surface of the completed revetment tangent to the top of the bank, instead 
of the lower surface as formerly. Some further retrenchment in this direction seems 
feasible. 

The real source of stability of a revetted upper bank is in the flat slope given to it. 
The protective work laid upon it acts only indirectly by preserving tne slope from 
abrasion. The agencies tending to disturb the grade are wave and water-line action 
And rain wash. The first two are really the same, the abrasion so often observed at 
the water-line when the river is stationary being caused by minute waves. All these 
distarbing forces decrease in intensity from extreme low water up, and since the pres- 
ent covering of brush and stone is uniform in strength and is quite sufficient at the 
bottom where the strain is greatest, it seems probable that it may be replaced near 
the top bv a lighter and cheaper form. Bermuda sod and willow plantations seem 
most likely to succeed and might well be introduced experimentally in future work, 
beginning at the top of the slope and extending gradually downward. It is possible 
that in some cases tney might be brought down to the line of continuous vegetation. 
All the methods indicated, steepening the upper slope and covering to the top with 
brush, substituting sod or willows for the brush on the upper slope, and leaving a 
vertical bench of greater or less height at the top of the slope, mav be utilized on 
banks of different materials, to cheapen the work by narrowing the brush covering, 
which, when carried as far as can safely be done, will give the cheapest efficient pro- 
tection from low water up that can be devised. It is open to a single objection in 
the perishable nature of part of its material. 

PLAITT. 

During the past year the plant of the first and second districts has decreased in 
amount, but is much improved in average condition. Many pieces had been wholly 
nnserviceable for sometime, but had been kept on the papers in the hope that some 
use might be found for them. It was necessary to remove the fleet from Bullerton 
Chute, and in doing so it become evident that these pieces could not be moved. An 
inspection was asked for, as a result of which 9 pile-drivers and 78 miscellaneous 
pieces were condemned and dropped. 

One of the earliest recommendations in connection with the last appropriation, 
was the oouatruction of a floating dock. It was completed in January, 1889, and haa 
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■inoe been in oonstant operation. Most of the heayj pieces hare been dooked and 
repaired asthoroaffhly aa their condition would Jastity. By the time another appro- 
priation ia available every thing except barges will have been on the dock. 

In the olassee of steam-boats, graders, pile-drivers, qnarter-boats and weaving barges, 
the present plant with slight current repairs should suffice for the expenditnieof any 
allotments likely to be made to the two districts for the next two years. But one set 
of mooring plant can possibly be used again and that would scarcely be safe ander s 
great strain. These bar^, to meet all demands upon them, must endure a variety 
of strains, both in direction and intensity such as was never contemplated in the pres- 
ent type of barge construction and which no structure in wood, of reasonable ooat can 
stand for any length of time. In substituting wire for maniUa-rope in the head lineb, 
the elasticity of the former, which tends in a measure to equalize these strains, U 
lost. Under the new conditions it is not advisable to build mooring barges of any- 
thing but steel, and they should l>e provided with mechanical appliances for handlius 
the wire cables. They can be used for mooring barges in the present way or as fender 
barges, should that plan be adopted. In the latter case the strains on the mooring 
barges will be lessened and some of the present barges will answer. 

The number of barges now fit for use is entirely insufficient to carry on operations 
of any magnitude. The work of the last two seasons would have been impoesible 
but for the general service barges, which the early delivery of the stone made avail- 
able for use in the districts. &me of these barges are scarcely fit for loading with 
stone, while amply strong to carry brush. Those, it is probable, will be left to the 
districts, but even with them there will not be enough, as scarcely a single one of the 
district barges is fit to load to its full capacity. The demand for riorap stone in large 
quantities which the works have made for several years past has brought forward s 
number of quarry owners, steam-boat men and contractors who have oifered and de- 
livered stone at various points, and in almost every case at less cost than it oonld be 
done by the general service plant. More than half of the stone used under tiie last 
appropriation was obtained by contract or by open purchase of outside parfdea. Of 
course the knowledge on the part of these people that the Qovernment has the plant 
ready fbr use, is an important factor in the maintenance of low prices. It would not 
be prudent, therefore, to dinpease with the plant, but as its use for towin|[ atone will 
be much less frequent than formerly, it should be divided among the distneta, where 
it can always be used to advantage, when work is in progress and at other times, can 
be cared for in connection with the local fleets at lees cost than as a aepacata otgtm- 
xation. 

THX VLOOD OV 1890. 

A stage of 40 feet on the Cairo gauge may be taken as the point at whloh the n ver 
in that vioinity ceases to be channd-contained and overflow conditions be^n. In 
1690 the river at Cairo was above that stage ftrom January 16 to February 1, Febraary 
13-20, and February 27 to April 15, a total of seventy-one days. In 1H82, the year of 
the only flood with which tnis one is comparable the 40-foot stMe was passed in as- 
cending on January 15, and in descending April 3, giving a flood period of seven ty- 
ei^ht days as compared with the seventy-one days of the flood of ld90. The relative 
heights of the latter with respect to 18d2 and also to the highest known water at va- 
rious points in the first and second districts are shown in the following table : 

Eigk'water table. 



DistsBoe 
Cairo. 



HighMt known 
water. 



Date* Gangs. 



Hlgheat water, 
1890. 



Date. Oaoge. 



tBOO, 

aboye<« 
below 
highest 

known. 



abaveor 
b<^low 
18S2. 



Cairo, Ills 

Belmont, Ko 

Kew Madrid, ITo 

Cottonwood Point, lio 

Fulton. Tenn , 

Mnmphis, Tenn 

Mhnen's,Mt88 

Helena, Ark 

Snnflower, Mies 



d 

SI 
00 
123 
176 
232 
275 
807 
858 



Feb. 
Feb. 
Feb. 
Feb. 
Mar. 
Mar. 
Mar, 
Apr. 
Mar. 



27,1888 
23.1884 
24.1884 
28,1883 

1.1882 
10, 1888 

8,18S8 
30.1886 
10,1883 



62.17 
i&80 
41.52 
87. a% 
86.00 
35.36 
40.20 
48.10 
41.75 



Mar. 12 
Apr. 6 
Mar. 15 
Mar. 15 
Mar. 22 
Mar. 15 
Mar. 20 
M«r. 29 
Apr. 1 



48.80 
48.08 
88.18 
8&40 
84.90 
85.00 
88.60 
47.70 
42.90 



F^tL 

— S.3T 
— i.77 
-^34 
^.46 
— 1.7S 
-1-0.80 
— 1.W 
-41. 4A 
-fLU 



—4 or 

— ir 

—3.09 
—1. 15 
— LT? 
-H0.4« 
— 1.» 

+1.3D 
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OmittiDff ib« record at Memphis, whioh will be disonased later, it appears from the 
Golomn or differences that in the first hundred miles below Cairo, the maximum 
Ubigbte of 1890 were 2.77 to 3.37 feet below the hijchest preyioasly Jcnown and 2.47 to 
3.09 below those of 1882. In the next 200 miles, the oorren>onding: differences were 
1.45 to 1.79 and 1.15 to 1.79 respectiToly, or rouffnly, about half of those in the first 
named section. At Helena the 1890 flood passed above 1^2, though still a fraction 
of a foot below the highest known point, and at Sunflower Landing, 353 miles below 
Cairo, the flood of 1890 was 1.15 feet the highest on record. 

The anomalous elevation at Memphis first appeared in 1886. It is purely local, dis- 
appearing a few iniles above and below the eauge. Prevailing opinion has assigned 
as its cause the building of railroad embansments acioss the St. Francis Basin, of 
which three are now there, the Kansas City, Little Rock and Iron Mountain. The 
second of these has been in existence for many years, and can not be need to account 
for this phenomenon. Advantage was taken of the excellent opportunity offered by 
the late flood to investigate the effect of these embankments in retarding the swamp 
wave and retnming part of it at and above Memphis. A party was organised and 
equipped with a leveling apparatus and current meter mounted on a hand car and 
sent twice over the Kansas City and once over each of the other roads. The relative 
elevations of water surface above and below the embankment were determined at fre- 
quent intervals and the discharge through openings was carefully measured. All the 
conditions were favorable for close work and the results may be confidently accepted. 
They are shown in the following table : 

SU FrancU BaHn. 



Statfon. 



Date. 



Memphu. 



Area. 



M«M1 

velocity 
feet per 
■eoond. 



DiBoharxe, 
onbie feet 
per Moond. 



EmBRaft City, Sprioffleld and Memphis Bwy. 

Do 

St I^ooia^ Iron Mountain and Sonthem Ball- 
way 

Little Book and Memphis Bailway 



Mar. 17, 18. 19 
Bfar. 28,29 

Mar. 21,22 
A]^r. 1,8 



86. SO 

85.60 



86.40 
85.40 



Sq./est. 
264,994 
274,020 

498.250 
289,651 



L84 
1.77 



1.16 
2.18 



487,686 
484,111 

678, 817 
601,225 



The volume of the swamp wave is shown to have been, in round numbers, 500,000 
cubic feet per second. Three of the determinations agree ver^ closely. The fourth 
one, the Iron Mountain road, is larger by some 20 per cent. This is partly acconnted 
for by heavy local rains Just preceding the dates of that measurement, and partly by 
the low velocities encountered, for which the performance of the meter, an old one 
and much worn, was far less reliable than in the other cases. The superelevations 
on the opper sides of the embankments averaged 0.86 foot, 0.44 foot and 0.23 foot for 
the three roads in the order in which the swamp wave passed them. With a volume 
of swamp wave fully as great as previous experience would lead us to expect for such 
a flood, and with such slight disturbance of the normal flood surface in the vicinity 
of the road-beds, it may safely be concluded that they are not responsible for any 
appreciable part of the recent abnormal flood-heiffhts at Memphis. 

But one other cause can be assigned for this phenomenon, and while the effect is 
surprisingly large, it may be as well to suspect our preconceived ideas of what it 
ought to be as to reject the apparent demonstration of what it is. That cause is the 
recent change in the shape of the river immediately above Memphis. Caving in the 
bend opposite has progressed until the entire stream is now thrown off from Hope- 
field Point and projected bodily directly toward the gauge. To escape the oul-de-aao 
the river ia compeUed to turn an angle of more than 90^, and the force to do this must 
be repreeented by a local elevation of surface. Add to this the fact that the changes 
mentUned have had the eflect of placing the Memphis gauge a mile or more nearer 
Cairo r««latively than it was before, and it is believed that the superelevation of re- 
cent floods ia fully explained as a local disturbance which may be neglected in dis- 
cussing the general flood profile. 

Tlie volnme of the flood of this year in the channel of the river was well determined 
by discharge obHervations at New Madrid, Plum Point, MemphiSi and Helena. The 
resnlta obtained are here tabulated* 

'BNa90- — ^802 
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Observed flood disokargoi, 1890. 
^TRW HADBID. HISS0T7BI. 



Date. 



Gauge. 



ATM. 



TOlOGlty 

feet per 



IMMhargew 
enliio feeC 



Mar. 25 
Apr. 8 
Apr. 10 
Apr.U 
Apr. 12 
Apr. 14 



86.6 
37.7 
36.9 
86.2 
35.6 
84.2 



219,696 
246.492 
240,808 
286,038 
233.081 
^26,213 



6.55 



»,aw 



6l29 
S.23 
6.21 

4.76 



1,274,819 
1,284.597 
1,214.081 

1,073^666 



PLUM POINT KEAGH. 





Date. 


Gauge. 


Area. 


Mean 
veloeitr 
feet per 
•eoond. 


Diaohargtt, 
oubio feet 
persetend. 


Main riTer 


1890. 
Mar. 7 
do ... 


3a 80 
30.30 
30.30 


43,980 
83»310 


5.28 
8.24 
8.39 


782,130 
14^37S 
1U.012 


Elmotobate 


Iftland 30 ohnte 


....do ... 






Total 




221.690 




1,017.514 




Mar. 9 
....do... 






Mainrivei 


80.90 
30.00 
80.90 


148.720 
42,340 
84.564 


&49 
8.59 
8.16 


151,8X4 
109g»S 


Xlmot ohute 


Inland 30 C>»ntft-r,,rr .- ...-^r.... 


....do ... 






Total 




225.624 




1.677.857 




Mar. 12 
do ... 






Main river 


31.66 
31.66 
81.66 


153.560 
45,340 
34,460 


5.54 
8.57 
3.89 


8561.348 
161 tf74 


Xlmot ohate. ...-. 


Island 30 chnte ,-,,»,„ -., 


....do ... 


11<868 






Total 




233.360 




1,128,000 




Mar. 15 
...do... 






Main river 


82.09 
32. U9 
32.09 


152.425 
49, 615 
86.836 


6.78 
8.52 

3.19 


878,008 
174,088 
117, 8^ 


BImot ohate 


Island 30chate.... 


....do . 






Total 




288.876 




L 170, 130 











MEMPHIS, TENKESSEB. 



Bate. 


Gauge. 


Area. 


Mean 

▼elodty 
feet per 
second. 


Disobarxtt, 

ouMefeet 

peraeooad. 


1890. 
Mar. 17 


F9$L 
36.60 
85.50 
85.50 
35.65 
35.58 
35.55 
85.46 
35.40 
35.80 
85.30 
85.38 


154,394 
.158,626 
144.798 
151,479 
152,037 
147.637 
147.957 
152.232 
167,725 
145,390 


886 
8.24 
8.76 
8.61 
8.69 
8.50 
8.88 
8.54 
8.46 
&8I 
&29 


1,885,187 
1,272; 023 
1,345,037 
1.282; 445 


Mar. 18 


Mar. 20 


Mar. 22 


Mar. 24 


1,815c 857 
1,282.028 

1,285^314 
1,^585 
1^288.580 
1,812.583 


Mar. 25 


Mar. 26 


Mar. 27 


Mar. 29 


Mar. 31 


Apr. 1 


l,264»»4e 
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0l$9rved flood dUoharge, 1890. — Continaed. 
HELENA, ABKANSAS. 



Dftte. 



Gauge. 



Aiea. 



Mean 
velocity 
feet per 
■eoond. 



DlAcharge, 
oubic feet 
per second, 



DiHcharce 
over bank. 



1890. 

Apr. 3 

Apr. 4 

Apr. 5 

Apr. 7 

Apr. » 

Apr. 10 

Apr. 12 

Apr. 14 

Apr. 16 

Apr.17 

Apr.l8 

Apr. 19 

Apr. 21 

Apr. 23 



F&0t. 
47.42 
47.40 
47.31 
47.16 
47.06 
47.03 
47.08 
47.20 
47.40 
47.46 
47.81 
47.00 
46.00 
41.48 



246.876 
236. 125 
236,815 
231,200 
238,800 
235,565 
238,000 
237,418 
238,220 
238,720 
228,800 
2R0.840 
224,090 



6.88 
6.36 
6.36 
6.18 
6.05 
5.06 
6.13 
6.20 
6.23 
6.88 
6.23 
6.43 
5.92 
5.66 



1,547,348 
1, 570, 004 
1,500,843 
1, 460, 675 
1,898,355 
1,405,100 
1,443,430 
1, 466. 466 
1,497,360 
1,519,374 
1,487,103 
1,471.400 
1, 367, 641 
1, 260, 101 



•37, 370 



f 11, 205 



t Louisville, New Orleans and Texas Railway. 

From the foregoingdata a eomparison of the volame of the last flood with that of 
1882 at New MMrid 75, Fulton 175, Memphis 232, and Helena 307 miles below Cairo, 
may be made with a fair dei^^ree of satisfaction. At New Madrid the highest observed 
discharge was 1,329,000 onbic feet per second for a stage of 36.6 preceding the maxi- 
mnm wnioh waa 38.18 feet or 1.58 leet above the stage of observation. In 1888-^89 a 
series of discharges were measured at the same section from which the form of the 
velocity onrve is known. Knowing the rate of increase of both area and velocity, 
the discharge at the highest stage mav be approximately determiDcd from this lower 
observation and is found to be 1, 412,500 cnbic feet per second. The nearest discharge 
station in 1882 was at Columbus, 55 miles above this. There is no tributary between ' 
theni and the escape over the west bank is all or nearly all returned at New Madrid. 
A direet comparison of New Madrid in 1890 with Columbus in 1882 will not introduce 
serious error. The maximum discharge of 1882 at Columbus was 1,603,000 cubic feet 
per second, being greater than the New Madrid discharge of this year by 190,500 cubic 
feet per second or scant 12 per cent., which is the excess in volume of the flood of 
1882 over that of 1890 in this vicinity. Any error which may have been introduced 
by the direct comparison of New Madrid and Columbus, would tend to reduce this 
percentage of excessi or in other words to make the flood of 1890 appear relatively 



he observed discharges at Plum Point were on a section 15 miles above Fulton, 
where a permanent gauge is maintained and where discharge measurements have 
been made on several occasions, so that the velocity curve is well known. From the 
Flum Point section to Fulton there are levees or high ground on both sides of the 
river except for a distance of 4 miles on the east side, where a small stream known as 
Cold CreeK debouches. This creek is supplied by water escaping from the Mississippi 
between Aahport and the hills, and which goes around the discharge section at Plum 
Point. The discharge of Cold Creek has oeen measured several times and may be 
safely taken at 25,000 cubic feet per second. Adding this to the maximum observed 
at Plnm Point, 1,160,000, the sum 1,185,000 should be the discharge at Fulton at the 
same stase, which was 34.53 feet on the Fulton gauge. The maximum reading of this 
year at Fulton was 34.90, being 0.37 foot above the stage corresponding to this 
determined discharge. The increase in discharge at this stage is 37,500 cubic feet per 
second for 1 foot of rise on the gauge, so that 1,200,000 cubic feet per second is the 
approximate maximum discharge of 1890 at Fulton. In 1680 a complete series of ob- 
servationa at this place gave a aischaree curve extending from low wat«r to within 2 
feet of extreme high water, and fi'om tnis curve the probable maximum discbarge of 
18H2, at a stage of36.69 feet as published in the report of the Commission for 1883, was 
1,288,000 cubic feet per second, or 88,000 cubic feet per second more than in 1890, giv- 
ing a trifle less than 6 per cent, as the excess of the flood of 1882 over that of 1890 at 
this point. 

At Memphis the discharge at maximum stage was measured at 1,335,000 cubic feet 
per second. A discharj^e curve for this place has also been determined from an ex- 
tended series of observations at Hampton, a few miles below, and from it the maximum 
discharge of 1882 at 35.2 on the Memphis gauge, as published in the report of 1883, 
waa 1,188^000 oabio ioet per aeoond. By this sbowingthe flood of 1890 had a maxi« 



J 
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mom diacharge in the ohazmdl exoeedini; that of 1862 by 147,000 oubio feet per seoondy 
or aboat 12^ per cent. 

Tlie aggregate disoharge acroes the parallel of Memphis is obtained by adding to 
the channel disoharge the Tolnme of the swamp wave. The former is 1,335,000 and 
the latter 500,000, giylng a total of 1,835,000 cnbic feet ner second as the maximnm 
discharge in 1890 over an east and west line throngh Memphis. A corresponding 
qnantity fot 1882, thongh far less exact, will afford an interesting comparison. In 
to at year the escape into the St. Francis Basin was measured bnt at stages somewhat 
below the maximum. An attempt was made to estimate for the maximnm stage, and 
it is believed to have been fairly snccessfnl, thongh seyeraJ arbitrary assumptions had 
to be made The result obtained was a probable maximum escape of 611,000 cubic 
feet per second above Memphis. Adding to this the estimated channel discharge of 
1882 at Memphis, as given above, there results 1,799,000 cnbic feet per second as the 
greatest discharge across the parallel of Memphis in 1882, being less by 36,000 cubic 
feet than the corresponding qnantity in 1890. This, thongh a far from reliable deter- 
mination, will be allowed to offRetinpart thedednction f6r the comparison of channel 
discharges and the conclusion, if reached, that the floods of 1882 and 1890 at Memphis 
were practically identical in maximnm volnme. Both determinations inclnde the 
discharge of the St. Francis Biver, supposed to be equal in the two years. 

At Helena we have the first direct comparison of actually observed channel dis- 
charges in the two floods under consideration. The observed maxima were, in 1882 
1,558,000 cubic feet per second, gauge 47.10 feet, and in 1890 1,570,000 cnbic feet per 
second, gauge 47.42 feet, the yoTnme in 1890 exceeding that in 1882 by 12,000 cnbic 
feet per second. The channel discharge at Helena plus the discharge of Austin Cre- 
vasse, and that over the ban 1c on the dlHcharge section, gives a total of 1,617,000 as the 
maximum discharge past Helena, suppoHin|; the entire flood to have been oonceii- 
trated at that point. This, in other words, is the maximum discharge of the flood of 
1890 in complete restraint. In 1882 the escape into the Yasoo Basin, between Mem- 
phis and Helena, was measured at 290,000 cubic feet per second. This, added to the 
observed discharge of that year, gives 1,848,000 cubic feet per second as the maximum 
discharge of that year across the parallel of Helena, a result closely in accord with 
that obtained at Memphis. 

To inure clearly show the significance of the foregoing fignres, they are grouped in 
the following table : 



Maximum dUokarge in oubio fe^ per oioond. 





DiB- 

tauce 
from 
Cajro. 


Hood of 1382. 


Flood of 1800. 




Looalliy. 


Id the 
ohannel. 


Ontof 

the 

ohannoL 


ToUl. 


In the 
ehanneL 


Ontof 
the 


TotsL 


Difl^ 
enoes.* 


NewMftdrid 


MiUa. 

7r> 

176 
232 
807 


3,603,000 
1.2H8,000 
1,188,000 
1,658,000 




l.W3,000 


1.412,600 
1,200,000 
1,335,000 
1,670,000 




1,412,500 

'i,"836,'6o6 
1,617.000 


•f 100. 500 


Fnlton 


290,000 


47)000 


+ 88.006 
^ a6»600 


MeraphU. 


1,780.000 
1,848,000 


Helena............. 


+231. 006 





*+82grMtor thsaOO; — 80 graater thsa 62. 



t Not determined. 



The above table completely analyzes and compares the floods of 1883 and 1890 
along the St. Francis front, the only part of the nver where snch a comparison can 
be made, because the only part where the conditions were essentially the same in 
the two years. It shows that the latter flood entered the upper end of the main 
trunk of the river with a maximum volume 190,500 cubic feet per second less than 
the former; that at Fulton (assuming that the discharges ontside the channel were 
the same in the two years) this difference was reduced to 88,000 cnbic feet ; that at 
Memphis the total maximum disoharge per second in 1890 exceeded by 36,0iD0 cubic 
feet that in 188*2, and that on the parallel of Helena the maximnm discharge of 
1882 was again in excess by the very large amount of 231,000 cubic feet per second. 
The two floods are also seen to have been very similar in aU the features of the dis- 
tribution of flow as between the channel and the swamp, and also in the difierent 
parts of the channel. The conclusion can not be resisted that the flood of 1890 waa 
on tho parallel of Memphis, the complete counterpart of the flood of 1^. 

Between Mempiiis and Helena, on the other hand, the table shows that a remark- 
able change took place in the particular factor of flood regimen which is under con- 
sideration, the maximum discharge amounting to a relative differenoe in the two 
yean of 267,000 oabio^BOt par Mooiult lu 1882, an anooitnaaad flood, haviad 00 tte 
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parallel of Memphis, a maximam discharge of 1,799,000 eahio feet per second, gKtff 
on the parallel of Helena, 70 miles below, where it was also unrestrained, a maxi- 
mam discharge in channel and swamp at 1,848,000 cnbic feet per second. In 1890 a 
flood identicsSi in all its features with that of 1882 on the parallel of Memphis, bnt 
gradnallY confined to the channel between there and Helena, passed the latter point 
entirely m the channel with a maximum discharge lees by ^1,000 cubic feet per 
second than that of 1882. 

It has been the usual if not universal practice for engineers inyestigating the sub- 
ject, to assume that floods of equal magnitude must have the same maximum dis- 
charge whether restrained or not. In considering the question of height of embank- 
ments to restrain a flood of known miu^nitude the af^gregate maximum discharge in 
channel and swamp has been assumed as the maximum to be passed between the 
leTees. From a known relation of ^auge and discharge for an unrestrained flood, the 
surface height necessary to pass this assumed maximum has been deduced, and the 
enoimons resulting elevations have been the perpetual nightmare of levee enterprise. 
If the experience of this year at Memphis and Helena means anything, it is that that 
method of deduction and the results obtained by it are radically wrong. The relative 
magnitudes of floods can not be gauged by the maximum discharges at a ffiven point, 
unless the conditions of restraint are essentially the same. A flood confined to the 
channel will have a less maximum discharge than the same flood without restraint, 
and so far as this single determination mav be relied upon quantitively, the maxi* 
mum discharge of a flood confined to the channel will be but little greater than the 
maximum discharge in the channel of the same or an equivalent flood unrestrained. 

The question of restraint of a great stream like the Mississippi River usually pre- 
sents itself to the mind with most vividness at the time when its need is most appar- 
ent, or when an Instant flood is in its full career of devastation. Though illogical, it 
is perhaps natural that the problem should take a form like this. What would be the 
effect of suddenly squeezing this vast expanse of water up between two parallel walls 
5,000 or 6,000 feet apart T The answer is at hand without argument or question. It 
would be to raise the surface to a height so great that is is useless to speculate upon 
its exact measurement. 

The circumstances under which resttaint should be viewed theoretically are those 
under which it is an engineering possibility. The barriers can only be erected when 
the water is absent, ana the rising river, as its surface attains the level of the natural 
banks, will find the wall in place and the low country behind it dry. The river will 
then be under the new conditions from this moment until the rise has culminated, 
and these new conditions, antecedent to the maximum at the flood, must enter largely 
in determining the amount of that maximum. How largely and in what direction, it 
is believed the above data constitnto a demonstration. 

Onto a flood past Helena fully equal to that of 18b2 was discharged a very large 
volume of water from White and Arkansas rivers. White Ri ver especially contributed 
very much more water than it has ever been known to do, so far as may be Judged by 
the number of flood waves and their heights in the valley proper of that stream. 
The levee at Laconia Circle, near the confluence of the Mississippi and White, was 
first broken by the wave wash of a series of wind-storms, and finally overwhelmed by 
a flood which rose 2 feet higher than any previous record. Aside from this, the 
only break in the first and second districts was a small one in the Upper Mississippi 
district at Austin, 288 miles below Cairo, which broke April 3. It did not enlarge 
after first observed, and its discharge was measured at 37,370 cubic feet per second 
the day lifter it broke. The cause of the break was a seep hole in the ground under 
the levee, which suddenly broke out while operations were in progress to stop it. 

The levees on Plum Point Reach and on the White River Front near Helena were 
patrolled and guarded by United States employ^ during the entire flood period. 
Prompt measures were taken to protect places injured or lixely to be so. All damage 
resulted from wave wash on the front slope, and was met by revetments of sacks filled 
with earth and bagging, held in place by stakes or sacks. At Helena the brunt of 
the fight was made bv the local levee board. An assistant engineer was constantly 
on the ground, but they left him verv little to do. No attention was paid in these 
districts to the Mississippi levees, which were attended to exclusively by the State 
authorities. 

A comparison of the grade of the Mississippi levees above White River shows that 
in the decade 1880-1890 they have been raised as follows : At the upper end of the line 
at Horn Lake, 2 feet, increasing gradually to 3i feet opposite the St. Francis River, 
deoreasing to 2^ feet near FriaPs Point, and again increasing to 3 feet at the lower 
end of the outside line opposite Island 66. From above Husnpuckena to the Coa- 
homa>Bolivar line the increase has averaged 2^ feet. 

The back line has been extended northward in the same period a distance of 9 
miles, with a grade of 1^ feet above high water of 1882 at Hushpuckana. Continuous 
^Maps of water between the two lines through iiewis swamp is absolutely prevented* 



3222 REPORT OF THE CHIEF OF ENGINEERS, U. 8. ARXT. 

From 2 feet near the Coahoma-BoliYar line the raise of grade has gradmally increased 
to 3i feet opposite the mouth of White River. 

Ab in the case of the first district, for the same reason and from the same data, an 
estimate of 3,500,000 tons per annum is made as the total volume of trafilc through 
the whole or parts of the second district. A statement of the tonnage of the port of 
Memphis ttom official sources is appended. 

KXHUUTB. 



There are sobmitted irlth this report a map of Helena Harbor, showing amount and 
location of work done and to be done ; a financial statement and general balance sheet 
for all allotments to the second district ; a statement of disbursements from these allot- 
ments classified as to the manner of making them, as required by law ; abatracta of 
proposals in cases of expenditures by formal contract ; itemized statements of expend- 
itures on various works; a table of value of plant second district, and a list of civil- 
ian engineers employed dnriflg the year in the first and second districts. 
Very respectfully, your obedient servant. 

Smith S. Lbacr, 

Cmpiain of JSngin 
Gen. C. B. Comstock, 

Frttident Mi9iii9i^ Eiver Cammi$$ion. 



▲PPBOMUATIOlf FOR IMPROVINO MISSISSIPPI BIVBR, SBOOND DISTRICT. 

Monen statement 

June 1, 1889, balance available ; $^,570. S3 

October 12, 18t^8, amount allotted by Board of District oflftcers 

for protection of levees, second district $5,000.00 

Jone 5, 1889, amount allotted by Mississippi River Commission 

for Memphis Reach 20,000.00 

March 22, 1890, amount transferred fh>m allotment for Plum 

Point Reach to protection of levees, second district 2, 500. 00 

37,500.00 

Total 125,076.23 

November 11, 1889, amount expended by general service on ac- 
count Helena, Ark 10,393.17 

March 18, 1890, amount transferred from allotment for Memphis 
Reach to protection of levees, fourth district 20, 000. 00 

June 30, 1890, amount expended from June 1, 1889, to date, ex- 
clusive of liabilities outstanding June 1, 1889 65,831.18 

June 30, 1890, outsUnding liabilities 208.10 

96,432.45 

June30, 1890, balance available 28,643.78 

i Amount that can be profitably expended in fiscal year ending June 30, 1892 750, OOO. 00 
< Submitted in compliance with requirements of sections 2 of river and 
I harbor acts of 1866 and 1867. 



Omeral halanoe tAeet 
HSMPHI8 BBAGH. 



June 1 



Jnne 6 



To balanoo, inolnding esti- 
mated liabilities 

To Amount allotted by Min- 
ssinippi Kirer Gommia- 
aion 



122. see. 24 

20,000.00 
42, 80S. 24 



1880. 
Kar. 18 



JmieSO 



By amount traasferred t* 
proteoti(m of leveea, 
foarth diatriot 

By amonnt ezpaDdad to 
data. ......•........•>••«. 

By UabUittoa 



920. oca 00 

6^ 687.57 

S.0i 

16^17a.ff7 

42,88a.a& 
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Chneral halance ttheet—ConiAmMbiL 

HSHPHIS JBLASBOB. 



iflm. 

Jnne 1 


To bAlADOd. «--•-•■>-•>->■-- 


$14,888.76 


1880. 
June 80 


S7 antnnit erpended to 








$8,214.01 
7L10 




By Uabilitieo 




BTbftlanfle .;. 


6,548.64 










14,838.75 


14.838.75 


LEYSES, WHITE BIYEB FKOKT. 


18». 
June 1 




$3,854.35 


1890. 
Jane 80 


"RybilMif^ft 


$8,864.85 








ITRST LEVEE DISTfilCT, MISSISSIPPL 


1880. 
June 1 


To bmlanoe...... .*.... 


87.877.84 


1890. 
Jane 30 


By unoant expended to 
date 








$7,187.78 
610.08 




Py balanim 










7,877.84 


7,677.84 


OBSERVATIONS AND DISCHAEOBS* SECOND DI8TBICT. 


188B. 
Jnnel 


ToValAnoe, including esti- 
mated liftbilitieo 


8783.33 


1890. 
Jane 80 


By amoont expended to 
date . . . . • 


$781.25 
2.07 






By balanoe. 










783.82 


788.38 


GAUGES, SECOND DISTBICT. 


1888. 
Jnsel 


in*tedli»bilitiea...7 


1822.50 


1890. 
Jane 30 


By amoont expended to 
date ...••••..... 


$540.00 
136.00 






By liabUities 






147.60 




822.60 


882.60 


SURVEY AND EXAMINATIONS. SECOND DISTBICT. 


1888. 
J^wie 1 


Tobalanoe .^.. 


«a,818.86 


1800. 
Jane 30 


By amount expended to 
date 








$1,888.80 
.1,576.08 




By balance 








2,813.98 


8,018.98 


HELENA, ABKANSAS. 


1888. 
JWMI 


To hiOanee, inolnding esti- 
mated liAbilities 


87a,25Lll 


1890. 
Jane 80 


By amount expended to 
date 


$61,855.14 

10,893.17 
2.80 






By amount expended by 
general serrioe to date. . . 










72,251.11 


72.861.11 
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C^meral hakMce theel — Continued. 
PBOTECTIOK OF LB VXSS. SECOND DISTBICT. 



1888. 

Oct. 12 


To amoant allotted by 
Bowrd of DJstriot OfDoen. 

To UDonnt transferred 
trova allotment for Plam 
Point Reach 


$5,000.08 
$2,500.00 


1800. 
June 30 


^y amoont expended to 
date 


$1,506.55 


1880. 


To balance... .. .. . 


5,M<.45 


Har. 22 












7,500.00 


7,200.00 



APPROPRIATION FOR IMPROYING BCI88IS8IPPI RIYBRt FIRST ANP SBCOND DISTRICTS. 

Money statement 

Janel, 1889, balance available $1,779.80 

Jane 5, 1^89, amount alloted by Mississippi River Commission for care 
of plant, first and second districts 60,000.00 

Total 61,779.80 

June 30, 1889, amount expended from Jane 1, 1889, to date, ex- 

olasive of liabilities outstanding Juije 1, 18c^ |40, 072. 35 

Jane30, 1889, outstanding liabilities 2,705.08 

42,771.43 



June 30, 1890, balance available , 19, 



002,37 



i Amounttbat can be profitably expended in fiscal year ending June 30, 1892 70, OOO. 00 
< Submitted in compliance with requiremeats of sections 2 of river and 
( iiaroor acts of 1866 and 1867. 



GfTieral halanee ah^ei. 

CARX OF PLANT, FIRST AND SECOND DISTRICTS. 



June 5 



To am<n»t allotted by Mie- 
aiaaippi Rirer Compileeion . 



$00,000.00 



00,000.00 



1880. 
June 30 



By amonntexpended to date . 

ByliaMlitiea 

By balance , 



$38,M7.85 
2,703.08 
17.747.07 



00,000.00 



StJRVlBTS, FIRST AND SBCOND DISTRICTS. 



June 1 



To balance, including esti- 
matedliabiliUea 



$2,020.80 



2,028.80 



1890. 
Jane 80 



Byanonntezpendedtodate. 
By balance- ^. 



$774.50 
1.2S&38 



2,029.» 



BXCOND DISTRICT. 



DMur$&mmiU nuide under appropriations for improving MUsiatippi Biver; oeUofAnguti 
5, 1886, and August 11, 1888. 

[June 1, 1889, to Jnne 1, 1880.} 



Contracts made with^ 


For what made- 


Disbnrse- 

ments under 

contracts 


Liabilities 
under con- 
tract 


Total 


Hnnter A Frey . ................. 


Willow brash and poles.... 
Levee work 


$7,828.60 
0.774.88 




$7,8SSLfiO 
0,774. S3 


FadftBAKeanw(baUaoe)* 










14,O0a6S 




HOOOlOS 









*Part payment reported in 1888. 
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DUlmrtemenU fnade otherwise than.under conlraoU 



Tot what expended. 



Bv public 
notice and 
sealed pro- 
posals. 



In open mar- 
ket. 



LiabUities. 



XotaL 



ICiterial and sappliea. 

8nl»6Mtence 

Services 

Tools and appliances . 
liisoeUaneona 



$14, 342. 06 
8,813.87 



484.78 



$6,652.05 
2,510.35 

41.270.74 

4,644.81 

505.04 



18,582.60 



55,678.80 



$90.00 



$20,904.11 

6,826.22 

41.860.74 

5.070.54 

0e&04 



00.00 



74,856.55 



FIRST AND SECOND DISTRICTS. 

I Jane 1, 1889. to Jane 1, 1800.] 

DialmrsefMniB made otherwise than under contract. 



For what expended. 


Bypnbllc 
notice and 
sealed pro- 
posals. 


In open mar- 


LUbUitiee. 


Total 


Vat^frial and annnlifld ........•.._......_..._.•.• 




$833wl2 

86.50 

85,806.24 

27.50 

864.66 




$238.13 


SuhftiMtence . ................................... 




"■$8,566.'6o" 


8&50 


Servioee 




86,806124 
27.5$ 


TooL* and annlia noes . .......... .............. 










864.66 














86,018.02 


8,500.00 


80^518.08 









Ahstraot of proposals for furnishing willow "brush, and poles at Helena, Arkansas, received 
in response to advertisement dated June 20, 1889, 5^ Captain Smith S, Leach, Carps of 
Enginetrs, 



Ko. 



Name and address of bidder. 



10,000 
cords of 
willow 
bmsh. 



2,000 cords 

of willow 

poles. 



TotaL 



A. C. Terrell, Memphis, Tenn . . . . 
Joneph ETins, Dardaitalle. Ark . . 
Elisha Evans, Meinphis, Tenn ... 
Ij. a. Fitzpatrick, Helena, Ark. . . 
Hnnter Sl Frey, Memphis, Tenn . 
Nfttban W. Tooker, St. Louis, Mo 



Tercord. 
$1.20 
1.10 
1.04 
1.20 
•.90 
(t) 



Terewrd. 

$L62i 
1.50 
1.65 
1.75 

•1.47 

0) 



$16,260.00 
14.900.00 
18,700.00 
15,500.00 

•11,040.00 
(t) 



t No prioea atatod in proposal*. 
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fllBGOND DISTRICT, IMPROVING MISSISSIPPI RIYER, MKMPBOS HARBOR. 

Itemized statement of expendituree for repairs of dikes. 





OAo«and 
general ad- 
ministra- 
tion. 


PlkM. 




Items. 


Grarel and stone. 


Earth- 
work. 


Total 


Labor 


$450.00 


*3,'682"yd8' 

9834 yds 

0.12^ yds 


Price. 
1902.05 
0,553.70 
295.00 




$1,442.95 

0,558.70 

205.00 


Stone 




Orarel 




$3'o62.'i3' 


£aitliwork 




8,002.43 
20.10 


Lamber 




20.10 
62.25 
84.00 
81.00 
4.45 


Rope 




887 lbs 




62.25 


ToMlff mid ftp i>liAnofMi 






84.00 


Towios ....................... 








81.00 




72.00 






70.45 










Total 


532.00 




7,988.45 


8.002.43 


U, 607. 88 







Approximate value of plant belonging to the United States and used upon the inwove- 
ment of the Mississippi Biver, second distriqt « 





No. 


Approximate 

valae May 

81,1890. 


Class of property. 


No. 


Approximate 

Talue May 

81, 1880. 


Steamer JET. M. Qraham 


* 


$2,671 
660 
826 
4,192 
2,569 
1,918 
2.903 
9.909 


Barsee .•••••••••.>....••...... 


28 
26 


$10,675 
200 


XianBcb X)oupA'iii. ...... ........ 


Ski& 


Vlat-boatM 


Tools and applianoes. ......... 


1,882 
180 


3fatlre»s boata - 


Office farniture 




Machine boat 


Surveying inatmments ....... 




105 


%r<M>rinir harmM 


Total 






Quarter-boats .................. 


38,090 


pa»4ilTen 











lAst of owilian engineers employed on work of improving Mississippi Eiver, first and 
second disiriists, in charge of Capt, Smith S. Leach, Corps of Engineers, from June i, 
1889, to May 31, 1890, under river and harbor appropriation aets, approved August 5. 
1886, and August 11, 1888. 



Name and place of resi- 
dence. 



a 

^ Pi 



|i 



Where employed. 



Work on which employed. 



Ans.J.Nolty. Chattanooj^a, 
Tenn. 

W. M. Xeea,Mempbis,Tenn. * 



Chas. W. Stewarti Cham- 



Wm. Geric; Columbia, Mo 



Jr. D. 

12 

2 

9 

2 

4 

4 

2 

324 
4 
8 
1 6 



$150 
175 
200 

120 
140 

140 

140 

180 

180 

130 

130 



Plnm Point Reach . . . 
Memphis, Tenn ........ 

Memphis and Helena 

Plum Point Reach . . . . 
Hickman,Ky 

Colambas, Ky ....... 

Helena^ Ark 

New Madrid, Mo 

Memphis, Tenn 

....do 

...do 



IinproTing Mississippi Rirer, 

Plum Point Beach. 
ImproTine Mississippi RlTer, 

MemphM Reach. 
Improving Mississippi Rirer, 

Memphis Reach and Helena, 

Ark. 
Surveys. 
Improving Mississippi River, 



Hickman, Ky. 

[mprovinK Mii 

Columbus, Ky. 



Improving Mississippi River, 



Protection of levees, second dis- 
trict. 

Observations and discharges, 
first district 

Improving Mississippi River, 
Memphis Harbor. 

Observations and discharges, 
second district. 

Surveys and evaminatieins, see- 
onddirtrist. 
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LiBt ofmvilian engineen employed on work of improving MisnsUppi Mitfor, «to. — Continnad. 



Nftma and place of resi- 
dence. 






Where employed. 


Work on which employed. 


^s^i^.^r""^'"'"^! 


Jf.D. 

7 
8 
2 

826 
lU 

H 

25 


$120 
120 
180 

150 
140 
120 

180 


Plom Point Beaob.... 
Mempbi«.Tonn 


Sarreya. 

Do. 
Obeervationfl and diachargM, 

second district 
Snrrey of St Francis Front 
Levee inspect4ir. 

Da 


aSlIiott Kooie,MeRipbie,C 

Tenn. \ 

T, 6. Dabney, Clarkadale. 

Xngene L. Hamiaii, St IrfmU, 


MempbiB.TeDn 

Buk^eLanding.Mim. . 
do 


New Madrid, Mo 


district 



Ccmmeroey iy river y of the dty of Memphi$f Tenneeteef during the year ending Deeember^lf 
lSd9, as reported by the Merchante' and Cotton Exchangee, 



Articles. 


Imports. 


Exports. 


Articles. 


Importa. 


Szpocti. 


Annies 


Tinu. 

490 

593 

66 

20 

3,668 

987 

53 

125,000 

598 

31. 110 

46, 852 

105 

11,056 


3Vn«. 

636 

1,265 

869 

18 

1,091 

1,255 

552 


Hay 


Tant. 

425 

3 

581 

151 

870 

93 

80 

1,552 

1,919 

2,808 

107 

280 

IS 
8.714 

38 
SO 


Tom. 
11,317 
S6 


Bran 


Huts and caps .............. 


Beatis and peas. 


Livestock 


4,613 


Bntter ....'. 


Lard 


3M 


Bajirjrinfc ...................... 


Lumber ..................... 


1,550 


Bscon ............,..^.. 


Liquors ..................... 


258 


Boots and shoes ..^ 


Lime 


464 


Coal* 


Heal 


1.640 


Com 


6,409 
9.322 

""5.'951 
23,869 
626 
136 
509 
892 

urn 


Molasses 


2,004 


Cottont 


Kails 


1.0B8 


Cotton-seed 


Oato 


4.^ 


Cotton-seed meal 


Onions 


1© 


Cotton-seed oil 


Potatoes 


1,21» 


Cotton-seed oil cake 


Pork 


3,841 


Cotton-ties 


75 

6 

168 

1,079 

1.003 

16 

0,858 


Bice 


237 


Cheese 


Sagar. .-.,.. . 


1,413 
349 


Coffee 


Tobacco 


Cement ,... 


Wheat 


38 




Total....' 




Bggs... 


275.778 


98.886 


Floiir 









* For two months ending May 81. 1890. 



t For twelve months ending May 28^ 1890. 



Appendix H. 



bxport of captain willard touno, corps of enoinebr8, upon oprratioits in 

the third district. 

United States Engineer Office, 

MemphiSy Tenn., Jwne2,h8d0. 

General : I have the honor to snbmit the folio wiug report of operations in the 
third diBtrict, improving Mississippi River, for the year ending May 31, 1890 : 

The district was in charge of Capt. William T. Kossell, Corps of Engineers, from 
June 1, 1889, to November 2, L889 ; Capt. Smith S. Leaoh, Corps of Engineem, from 
November 2, 1889, to December 21, 1889 ; Capt. Wiilard Young, Corps of Engineers, 
ftom December 21, 1889, to May 31, 1890. 

The third district extends from the mouth of White Biver, Arkansas, to Warren- 
ton, Miss., a distance of 220 miles. The improvements within the district consist of 
those works undertaken lor the general improvement of the channel, and, besides, 
those of a local character intended for a special purpose. 

The improvements at Lake Bolivar and at Green vule andYioksbnrg harboTs are of 
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the latter olam. The former olasB comprises the works of surveys, exam iuationsi 
obflervfttions, etc., intended for the collecting of general data ; of levee building, re- 
pair, and protection ; and more especially of bank protection and channel oontrae« 
tion works. 

The operations for the year, in carrying on the various works, will be noted in 
order. 



LAKE PROVIDENCK REACH. 

The works of bank protection and channel contraction already begun in the third 
district for general channel improvement are all comprised within the Lake Provi- 
dence Beach, which extends from Carolina Landing, Miss., to the foot of Island No. 
95, a distance of 85 mifes. 

The physical characteristics of this portion of the river prior to improvement, the 
methods employed and the work done in improving the channel up to the year 1889, 
and the then condition of the river and of the several works of improvement, are de- 
scribed in the reports of the Commission for previous years. 

The operations for the year ending May 31, 1890, .were confined to bank-protection 
work at Louisiana Bend. 

Preliminary work was commenced June I under the direction of Mr. £. C. ToUinger, 
assistant engineer ; on June 19 the charge of the work was given to Mr. H. St. L. 
Coppeoy assistant engineer. 

He was relieved by Mr. Arthur Hider, assistant engineer, on August 20, who re- 
mained in charge till the close of operations December 31. 

The details of the whole season's opctrations are given in the following report of 
Assistant Engineer Hider. 

The revetting of the bank aotually above water consisted of a oontinaous pave- 
ment of stone, laid by band, and about 10 inches thick. 

The revetments above water heretofore constructed at this and other points on the 
river have consisted of willow mattresses, over which stone has been scattered more 
or less thickly by hand. The new continuous stone pavement costs from two to four 
times as much as the old style willow and stone revetment, depending upon the 
amount of stone used in the Tatter. 

The pavement above water is, however, but a small part of whole revetment, and 
the extra cost of the continuous stone-work is thought to be more than justified on 
account of its greater permanency and stability. 

Bank protection is the foundation, and, I might say, almost the whole structure, 
upon which the success of channel improvement work depends. Without it no ade- 
quate results can possibly be obtained. With banks properly and permanently pro- 
tected it will be possible to secure and forever maintain in this reach, and throughout 
the third district, a channel of«ample depth for all the needs of commerce. 



REPOBT OF MR. ARTHUR HIDER, ASSISTANT ENGINEER, ON OPERATIONS IN LAKE PROV- 
IDENCE REACH FOR THE TEAR ENDING MAY 31, 1890. 

Work was begun in June revetting this bend, in accordance with the plans adopted 
by the Commission, which consisted in the constraotion of a wide mattress extending 
out from the low-water line, grading the upper bank to a regular slope, and revetting 
it from the zero line to the top with riprap. 

During June little progress was made in mat-building ; 25 feet of mat No. I, which 
was 260 feet wide, had been built at the end of the month. In July, 1,027 linear feet 
of mat was constructed, the lower 727 feet being increased to 300 feet in width on 
account of the deep water. 

In the beginning of August mat No. 1 was completed and the upper 900 feet sunk 
in place ; the building was continued, the lower end still floating on the surface, until 
a length of 1,315 feet nad been reached, when this part was sunk. 

In sinkiiig this lower end, the mat broke nearly across the entire width, about 800 
feet below ibe head, and the outer edge buckled, lapping over towards the middle ; 
the water was here about 70 feet deep. 

The mat not being well secured to the shore, floated out from the bank ; with the 
aid of a eteam-boat it was sunk to the bottom after a good deal of trouble, and in a 
very unsatisfaotory shape. 

M%l No. %f 1|000 b^ 349 ^^t, was built and sank on Aaga«t 23. Qn August 24 1 at- 
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snmed charge of the work, relieving Assistaitt Eni^ne^r Copp^, under whose direo- 
tion the work had been organised and carried on. 

Work was at once began in the oonstraotion of mat No. 3. At the end of Aagost 
there had been built of- 

Main mat 565 by 342 

Shore matNo. 1 180 by 50 

Shore mat No. 2 180 by 75 

Shore mat No. 3 104 by 75 

These were built to cover the space between mat No. 1 and the ahore. In Septem- 
ber the mats built were : 

Feet. 

Main mat 1,145 by 342 

Shoremat No. 4 619 by 171 

Shore mat No. 5 380 by 145 

The shore mats were to cover the bottom between the edge of main mat No. 1, 
which slipped out as the bank was being graded, and the shore. 
There was constructed — • 

In October : Feet. 

Main mat 1,450 by 342 

Pocket mat (6) 300 by 145 

In November : 

Main mat 340 by 345 

Shore mat No. 7 381 by 150 

Shore mat No. 8 310 by 345 

Shore mat No. 9 1,047 by 111 

The shore mats Nos. 7 and 9 were built so as to overlap the main mattress, which 
thus made the revetment continuous above the water, as the river was rising rapidly. 

Shore mat No. 8 was constructed to prot>ect the foot of the slope, which had cracked 
and slipped down, dne to the fault in sinking mat No. 1. During December shore 
mat (10), 1,067 by V28 feet, was constructed overlapping the main mat, and continues 
up the slope, which had only been partially graded ; on account of the river rising so 
rapidly after the completion of the main mattress, there was insufficient time to 
do this grading. 

The total length of bank covered was 6,024 linear feet, the overlapping of the mat- 
tress, one on the other, not being included. 

The usual method of mattress construction was followed in building these large 
mats, which are perhaps the widest yet attempted on the river for revetment pur- 
poses ; the only change was in giving additional strength by weaving in seven-eighths 
inch wire cables longitudinally through the mat, spaced every 16 feet, and placing 
holding in cables, extending entirely across the mat at the same distance apart. 

These were pulled taut with a pair of tackle-blocks, after the upper slope had been 
graded, and securely fastened to dead men or trees on the top of the bank to prevent 
slipping out of the main mattress should a cave take place. 

As instructed, the grading of the upper bank was done after the mattress had been 
sunk in place to a slope carrying from 1 on 3 to 1 on 5, depending on the ineqnalities 
of the shore-line, which at many points was indent>ed bv large pockets, due to caving. 

This slope was afterwards covered with stone, laid by hand, of an average depUi 
of aboHt 10 inches, extending from the low-water line up to the top of the bank. 

In this connection it may be interesting to note some of the difficulties encountered 
in executing the work. 

A8 to mat nnking, — In sinking the first mat, which was done before I took charge^ 
a great deal of difficulty was experienced. 

The mat was constructed with its inner edge held out to the sero line by a row of 
piles driven along the shore ; the upper 900 feet was sunk first, and while this part 
was in place on the bottom the building was continued by adding on to the lower 
end. 

In sinking this, the excessive strain brought on the part reaching from the bottom 
to the surface of the water while the mat was being lengthened, and the unequal 
strain due to the rock thrown from barges on this part of the mat, added to the pre^^o- 
ure of the cuiTent against the long slope, which it would necessarily assume in 70 
feet uf water, broke tbe mat, and the fact of but few holding-iu cables being used, 
the mat floated out from the shore before it could be sunk to the bottom, the outer 
edge rising and buckling; the twisting of the mat causing the rock on the lowe^ end 
to slide toward tbe middle. 
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The method of contisnous hirilding and sinkiog mats of these dimensions can not 
be leoommended. 

For mats of much smaller width, from experience gained several years ago, this plan 
was abandoned, as attended with a great risk of injury and danger of loss. 

The plan heretofore followed is to ballast the entire surface of the mat evenly, so 
as to nearly destroy the flotation, and then complete the loading from barges, begin- 
ning at the head and sinking the entire mat at once. 

The breaking up of this mat was undoubtedly due to the method adopting of sink- 
ing, as no difficulty was experienced with any of the others; under ordinary circum- 
stances, and where proper precautions are taken, no trouble in sinking these large 
mats need be anticipated, as instanced by work of this class previously done at 
Greenville, Bolivar, and the other large mats afterwards constructed here. 

On September 10, a month after mat No. 1 had been sunk, while the upper slope 
was being graded, the bank began slipping out, parting the few holding-in cables 
and pushmg out the mat itself, as shown by willows forced up to the suruMje by the 
movement of tJie mat below. 

This sliding of the upper bank continued at intervals, as the grading proceeded, as 
far down as station 17, necessitating the building of a number of large and expensive 
mats afterwards to connect the main mat with tne shore. 

The trouble, it is thought, was caused by the great quantity of water pouring down 
the slope, thoroughly saturating the lower part, until the material became in a 
semi-fluid condition, which, bein^ forced against and under the mat, moved it bodily 
out into the river, as at thi» particular locality the bottom was soft, formed by a de- 
posit of silty which when once put in motion carried with it the mat. 

In all the other mats the full number of shore cables were put in (every 16 feet) and 
the precaution taken to pull them np taut with a pair of small blocks, following up 
close behind the grading. 
No more slipping took place. 

Gracing the elope. — ^Much more could have been accomplished, and a great deal of 
expense saved, in the execution of the work, had the grading preceded instead of 
followed the mat construction. 

Among the practical difficulties arising from grading the high banks after the 
mattresses are in place, may be enumerated the fact that the saturation of the slope 
by the stream of water running over it, where the material is sand or silt, causes 
holes and caving and breaking down of the edge near the water-surface. 

It is necessary, in order to keep up with the mat-building, to fill these holes with 
earth and lay the stone on without sufficient time for settlement, whereas, had the 
grading been done first, the grade would be in much better condition to receive the 
stone covering, having had more time to settle. 

Tlie cables which hold the mat into the shore are led over the top of a nearly verti- 
cal bank and fastened before the mat is sunk. In bringing the upper bank to the 
proper slope the scare loosened, and give no assistance to prevent the sliding out of 
the mat at a time when it is subjected to an enormous strain from the slipping down 
against its edge of the material washed from the bank in a semi-fluid condition. 

Inasmuch as the low-water season is of short duration, and it is only at the lowest 
stages that the upper bank grading can be carried on, the amount of revetment work 
that can be finished in any one season depends upon the length of bank that can be 
graded before the river rises. 

And aa the srading is necessarilv the length of one mat ttom 800 to 1,000 feet behii!d 
(by reason of the space occupied by the head and mooring lines to the lower mat 
under construction), it is compulsory to stop mat-building before the river rises to 
any extent, in order to have sufficient time to grade and revet the slope in front of 
the mat, or else leave this work in an unfinished condition with the lower part of the 
slope ungraded. 
Among the advantages of grading ahead of the mat construction are — 
First. The graded bank allows tne holding-in cables to be permanently fastened 
before the mat is sunk in place, thus preventing any slipping or sliding out of the 
mat from the shore. 

Second. The whole of the low- water season can be utilized for work in mat-build- 
ing ; the mat construction can be carried up the graded slope as the river rises, thus 
allowing more work to be accomplished. 

Third. It is a great saving of expense, as the graded slox>e affords ample space to 
unload rock from barges at the place it is to be afterwards used, and thus saves the 
expense of rehandHng. 

The revetment work was finished on December 31, and from the last examination 
made before the rise in the river covered it with water, was in good condition, ex- 
cept a small part of the extreme lower end of the upper bank, which had slid in, due 
to oavlng below tho end of the work. Plate 1 shows location of mats as oosstructed. 
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The following amount of work was done : 

Mattrefls nqnareB.. 21,694.7 

Slope paving do 5,671.8 

Grading 1 linearfeet.. 6,877.0 

Material need : 

Stone cnbie yards.. 48.160.82 

Brush cords.. 18,813.30 

Poles do.... 3,362.15 

Wire pounds.. 167,440.00 

Wire cables do 329,560.00 

Spikes... do.... 36,961.00 

The fleet was towed from Wilson's Point, La., to Ashton, La., during June, and 
on the completion of the Louisiana Bend improvement, December 31, was moved to 
Greenville. 

All the plant, including the old drydock, was brought up without acoident. The 
last tow arrived January 23, 1890. 

BKPAIR8. 

A force of mechanics has been employed in making repairs to the plant. Tb« 
most important done was remodeling the pits of the two dump-scows built for use 
in Vicksburg Harbor. 

The repairs to the steamer Meiers which consisted of new cylinder timbers, new 
guards and outriggers, a square head put on to adapt her better for towing purposes, 
new riuldera, ami extensive repairs to her hnlL 

The docking and repairs to hull of the headquarters boat, and the rebuilding of 
two small barges, besides new decks and deck frames put in three of the rock-barges. 

Material ejepended, June 1 to April 30, incluMve. 



Stone cubic yards.. 48,160.82 

Brush cords.. 18,813.80 

Poles do... 3.382.16 

Lumber B.M.. 179,994 

Coal - bushels-. 92,407 

Wire cable pounds.. 329,560 

Wire do.... 167,440 

Spikes ..do.... 36,981 

Iron do.... 36,185 

T^ad (white and red) do 6.785 

Oakum do.... 6,138 

Staples do.... 800 

Clevises do.... 300 

Copper do ... 5 

Files No.- 135 

Summary of ooat of labor, June 1, 1889| to April 30 1890, inclusive. 



Gas-pipe feet. 

Limestone barrels. 

Lime do... 

Asphaltum ..: do... 

Salt do... 

Charcoal do... 

Oil (headlight) gallons.. 

Linseed oil do... 

Oil (signal) do .. 

OH (lard) do... 

Oa(valvoline) do... 

Oil (black) do..-, 

TuJ-pentine do 

Asphaltum do... 



IM 
15 
3 
6 
5 
6 

8» 
81S 
385 
16B 
171 
SO 
476 



Classification. 



FajioU. 



Subsistence. 



TotaL 



Onr« of fleet 

Surveys and examinations 

SurvevH Lake Provideure Reach . 

ObscrvatioDS Wilson's Point 

ObRwrvations ArkAn«as (JJity 

Protection of levees 

V ickHl)urf£ Harbor 

Kwpnirs to plant 

L<iiiiHianaB'>n«l (construction) ... 
Gi-cenville Harbor 



815,^1.93 

2,408.67 

1,220.00 

1, 992. 67 

786.24 

43,118.02 

3. 098. 28 

16,023.51 

67,899.28 



142, 178. 60 



$2,788.41 

M3.92 

14a 73 

415.81 

185.00 

4. 003. 97 

550.90 

2,884.15 

13,779.88 

13.86 

25,28&13 



918,420.94 

2,921.59 

1,300.73 

3,407.98 

071.24 

47.121.99 

a,«4ft.i§ 

18,917.66 

71, e79. 16 

13.86 

167,4«a.73 
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Tri-mon^lg soundings on Lake Providence Bench, 
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SonndLngs were disoontinaed after January 20 on accoant of the high stage of the 
riTer* 

FINANOIAL STATBMBNT. 

Lake Providence Beach. 

BAanee May 81, 1880 $467,046.33 

Transferred to protection of levee, third district $55, 000. 00 

Transferred to protection of leyee, fourth district 45, 000. 00 

Expended to Jnne 30, 1890 360.519.67 

460,619.67 

Balance June 30, 1890 (in hand) 

6,526.66 

XiZpenditores apportioned as follows : 

Lahor on construction 51,632.62 

Material for construction 199,431.48 

Subsistence 27,557,46 

Cost of plant, repairs, and outfit 40,229.37 

Care of public property 19,229.90 

Towi^e and steamer expenses 11,345,29 

Administration and office expenses 7,026.94 

Surveys 1,941.09 

Medicines and medical attendance •••• 1,207.72 

MisoellaneouB 917.80 

360.519.67 

Balance June 30, 1890 6,526,66 

Less lUbilitiee 3,006.56 

Available balance June 30, 1890 3,520.10 

There are no existing contracts. 
Amount that can be profitably expended in fiscal year ending Juuo 30, 

189S 750,000.00 

jBHe90 203 
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\ 

VICKSBURO HARBOR AKD DELTA FOHTT. 

Until 'the year 1876 the Mississippi River flowed directly in front of the city of 
Yicksbari;. In that vear the river made a cnt-off across the narrow neck of land 
formiDg Uie opposite bank, thns leaving the city oa a lake, and its wharves and bosi- 
ness houses distant from the river about 2 miles. The rapid caving of the bank at Delta 
Point, Loaisiana, opposite Yiokshnrg. after the occnrrenoe of the ont-off threatened 
to throw the river still farther away from Yicksbnrg, while the rapid and oontinnoaa 
shoaling of the lake, and especiaUy of the entrances thereto, tended to prevent direct 
communication witn Vtcksburg, except during the higher Btasea of the river. It 
was thus seen that Delta Point should be held, to prevent fnrtner recession of the 
river from Yicksburg and to maintain the regimen of the river Immediately below, 
and that an improvement of the harbor proper (Centennial Lake, in front of the city) 
was desirable. 

The protection of Delta Point, by revetment, was commenced in 1878, and was car- 
ried on in succeeding vears until 1884, since which date only repair work has been 
done. Altogether 10,700 linear feet of bank was revetted. The work has ptoved en- 
tirely successful. It will need repairing, however, from time to time to insure its 
permanency, and may have to be extended up-stream, should rapid caving there con- 
tinue. No repairs were made during the past year. 

Several plans for the improvement of Yicksburg Harbor proper have been proposed. 
The one under wliioh work is now being done was approved in 1887, and is as fol- 
lows : Toprevent the flow of water into the lake and make it a still- water basin in 
front of Yicksburg; then to dredge a basin in front of the town and a canal con- 
necting this with the river. 

The original plan, with its modifications and the history of the progress of the 
work, are given m the Reports of the Chief of Engineers from 1878 to 1889, Inclnsive. 

The principal work done during the past year was the removal by dredging of 
357,468 cubic yards of material, principally from the canal connecting the river and 
basin. 

A detailed account of all the year's operations is given in the following report of 
Assistant Engineer Copp^, who was in local charge of the work: 



REPORT OF MR. H. ST. L. COPPER, A8SI8TAKT ENOINBBR, OK WORK I>Oia£ DURXNG THB 
YEAR BHDINO MAT 31, 1890. 

As stated in last year's report, the double-ladder Menge dredge was purchased from 
Joseph Menge, of N^ew Orleans, and when that report was submitted she was on trial 
in the west end of Centennial Lake, Yicksburg Harbor. The dredge at that time did 
not work very satisfactorily, and owing to a defect in and breaking down of the 
scows we were unable to give it a fair test. Some slight changes were made in the 
machinery of the dredge at that time. 

Early in June, as the water in the canal was sufficiently deep to operate the dredge, 
she was placed there, her chute being extended to one side, so as to throw the ma- 
terial well out on the bar ; she was thus worked, the little material excavated being 
thrown to the bar side of the canal. 

The reason for operating the dredge in this way was because the scows were unfit 
for use, until they could be strengthened and repaired, and we had no means of 
obtaining others with moderate expense. 

A log of the work performed was sent to your office until July 10, when it was 
deemed expedient to close the work, as little good was being accomplished and the 
material placed on the bar would eventuallv have to be mov^ again. 

The difficulty experienced with the dredge was the impossibility to keep her in 
line, the constant slipping of the rubber belts, thus failing to carry requisite power 
to the dredging parts proper, the rapidity with which the great friction on the crane 
tracks wore them out, the constant breaking of sprocket teeth, the bad working of 
the sprocket machinery in front for moving the drodge, and the small percentage of 
material moved. 

The dredge was towed to the north end of Centennial Lake and laid up for the 
summer, cmA for by a responsible watchman. 

While running she was in the immediate charge of Mr. Hy. Steubing, who nsed 
every effort to work her successfully. 

Since last summer, up to February of this year, owing to low water and other un- 
favorable conditions, no work of dredging was done in the harbor. Early last year 
a contract was entered into with the Alabama Dredging and Jetty Company, of 
Mobile, Ala., to dredge a canal and basin in front of the city, in accordance vrith 
plans and speoificatiouB submitted in former reports, for 10 cents and 18 cents per 
cubic yard, measured in scows, the latter price being tor long hiral around De Soto 
Island to north side of dam. 
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After the close of work at Greenyille, I was ordered by Captain Leaoh to return to 
Yickslniri^h, with a view to making the necessary repairs on the Menge dredge and 
pUeing her in oommission, as the water had risen sufficiently at that point to war- 
nnt a oommeneement of excavating in the canal in front of the city. Some slight 
npairs were made, and the dredge was towed to the month of the south end of the 
csnaL The rise proved bnt a temporary one, and the dredge worked with snch poor 
sQScess that I astced for instmctions to be allowed to change the machinery in many 
respects and make namerons additions to her outfit. 

Deeeonber 21, the dredge was laid np for repairs. I will state here that Mr. Steu- 
bing urged the change of the sprocket machinery for moving forward, in the summer, 
bnt 1 had d^rerred doing so, with the hope that we could work it to better advan- 
tage after ednoating the crew, but this proved unsuccessful. 

As soon as I returned here in December, I at once commenced, with the assistance 
of Mr. Charles Miller, assistant engineer, to establish the base lines of the former 
surrey, to which all harbor-lines were referred. Soundings were made also, in order 
to obtain the changes that had taken place during the year and determine the 
oiaterial to be mov«4 within the limits of pur origins cross-sections and within the 
means of the available appropriation. 

After making the survey, I sent to your office the following estimate of material 
i^nired to d^«)s:e the canal and basin to 4- 6, -}- 5, 4- 4, -(- 3, H- Si -h It 0, and — 5- 
ibot planes on tue gauge^ showing the yardage as it existed last year and t)ie addi- 
tioDs for sloughing and nil during the year : 

4- 6 feet on gauge: 

Canal and basin, 1889 cubic yards.. 621,138.04 

Add for fill during year do.--. 39,405.80 

Total for 1890 «. do.... 660,543r84 

+ 5 feet on gauge : 

Canal and basin, 1889 yards.. 692.984.42 

AddforfiU do.... 39,584.88 

T6tal for 1890 do.... 732,569.25 

-f 4leeton gauge: 

Canal and basin, 1889 do.... 707,258.23 

Add for fill do.... 39,759.69 

Total for 1890 do.... 807,017.92 

•f 3 fieet on gauge : 

Canal and basin, 1889 , do.... 844,001.02 

Add for fill do.... 39,975.13 

Total for 1890 do.... 883,976.15 

•f 2 feet OB gauge: 

Canal and basin, 1889 do.... 923,181.96 

Add for fin do.... 40,176.20 

Total for 1890 do.,.. 963,368.16 

-fl foot on gauge: 

Canal and basin, 1889 do.... 1,004,817.55 

Add for fill do.... 40,374.38 

Total fin 1890 do.... 1,045,191.93 

Oon gange: 

Caofd and basin, 1889 do.... 1,091,306.14 

Add for fill during year do 40,550.40 

Total for 1890 do.... 1,131,856.63 

— 5fMtan gange: 

Canal and basin, 1890.... do.... 1,561,091.56 

AddforfiU do...- 40,508.64 



Totaltol890 do.... 1,601,600.61 
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There was no appreciable fill in the basin, and the fill in the oanal took place only 
in what constitntes the present channel at che lower end (below range 52) where it 
was fonnd to have extended over the entire bar, although very lightly. 

The explanation of this lies in the fact that the river, during the season of 1869, 
scarcely came up over the surface of the ground west of the present eanal, and then 
only for a short time, while it remained in the canal for quite a long time. Hardly 
an appreciable fill was detected at range 5, which was taken as 0, or the starting 
point. At range 15, the fill averaged about 6 feet, at range 25, it was about 1.2 fee^ 
at range 35, 1 foot, at range 45, 1^ feet, and at range 50, 2.8 feet, at range 55, 3i feet; 
below {his it was very irregular, even showing a scour at some places, which is due 
to the fact that this part of the canal comes directly under the influence of the eddy 
water of the river. Since the date of these observations, the river has attained the 
highest point recorded since 1862. For over three months, since February 15, the 
water has been above 45 feet on the gauge, and above the crest of the pile-dam closing 
Lake Centennial. During this period, a current of considerable force has swept aoatn 
along the citv front, reversing the conditions that existed last year, tending to scour 
rather than fill in the line of the proposed canal and basin. The water has been too 
high, and remains too high at the present date, to make accurate otiservations in 
order to determine the extent of this change. The velocity of the current in the 
canal during this high water, has varied from one-fourth foot per second to 2 and :i 
feet per second. The loose, soft material composing the surface of the bed of the 
canal, has been swept away. 

At the beginning of the year I was notified that |79,000 was available for dredging 
in this harbor, $50,000 to be spent by the contractor at 12 cents and 10 cents per yard, 
measured in scows. For convenience in estimating, I take 11 cents per yard as the 
average, which is equivalent to 15 cents in place, approximately, when allowance is 
made for the expansion of material. The contractor could move, at that price, 340,- 
000 cubic yards. Taking from the $29,000 left for workiiig the Government pUmt, 
the following : 

Survey $534.00 

Repairs todike 1,050.52 

Superintendent and inspectors, etc 700. 00 

Repairs and working Menge dredge 8,108.63 

Purchase of tug ParApSr 6,500.00 

Total 16.893.15 

leaves a balance of about $12,000, and when office expenses and inspectors and super- 
intendence are deducted from this we have but about $11,000 for dredging with the 
Meuge plant. This estimate is made to May 1, at 6 cent-s per yard, which is allowing 
for bnt 1,000 yards capacity per day, or half that guarantied by contractor; we have, 
say, 180,000 cubic yards, or 250,000 cubic yards moved by the combined plants. This 
will take us to the 4-8-foot plane. 

I had anticipated dredging, at first, to the -(-7-foot plane, but so much expense has 
been incurred in repairs to the Menge dredge that that plane had to be abandoned. 
The $11,000 should insure work for four months with the Menge dredge, and remove, 
as stated, 160.000 cubic yards of material. This, of course, depends on the success In 
working the Men^^e dredge which, up to the present time, has proved anything but 
a successful machine. 

February 24, the river being at a sufficient height, the contractor's dredge Shelljf 
which had been sent from Mobile, Ala., in compliance with contract, was placed in 
line of canal, and commenced operations, working two watches, or twenty-four hours 
per day. 

This dredge is a clam-shell digger, with 4-yard bucket, and a capacity of about 
3,000 cubic yards in twenty-four hours ; she has been working constantly and sno- 
cessfnlly up to the present time, moving the material from a depth equivalent to 
-1-12 feet on the gauge, it being impracticable to dredge to +8 foet in the present 
high water. 

April 2, the JSemdony another of the contractor's dredges, commenced work, also in 
line of canal; the latter is the same dredge that worked nere in previous years; a 
full description of which will be found in former reports ; she is also a olam shell, 
but of greater capacity, being capable of moving 4,000 to 5,000 cubic yards in twenty- 
four hours. This dredge is working but one watch of about fourteen hours, bnt is 
moving as much material per month as the Shelly with double crew. 

The material moved up to June 1 by these dredges, measured in scows, is as follows: 

Horndon 1 cubic yards.. 125,593 

Shelly _ do.... 224,168 

ToUl ^ do...- 349.761 
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In the aame time the following ftmount has been expended, $20,771,00, leaving a 
balance of 129,222.20 for the contract work. 

Two iiiapectors on the Shelly and one on the Herndan^ are constantly employed by 
the Government, to keep a correct account of the material moved, and to see that the 
dredffing is kept within the required cross-section ; also a man is employed to see that 
each load on the long haul is damped exactly along the line of the pile dam, in order 
to make a continnons earthen diKe, as explained in former reports. If the rate of 
progress continues the same, it is probable that the contractor's work, to the full 
amonnt of the allotment of |50,000, will be completed early in July. In event of the 

Sassage of the river and harbor bill before that time, it would be greatly beneficial 
f an arrangement could be made by which the contract could be extended and the 
dredees kept at work, thus doing away with the necessity for further advertising 
and delays in making a new contract. * 

At the beginning of the year, before the water rose, it was proposed to repair the 
dam across the lake, where it had, owing to the rotting of the timber, broken down. 
Some piling braces and stringers were obtained for this purpose, also 22,000 feet, B. M., 
of Inmber was purchased, but the river rose so rapidly that only a small part of the 
repair work was accomplished (115 piles were driven and braced). We have on hand 
now a few braces and stringers and a large part of the lumber. As the former will 
be but little loss if not used, and the latter could be used at other points (Greenville) 
for other purposes, and as the water will probably fall in a short time below the crest 
of the earth dami>ed along the dam, I would respectfully suggest that this repair 
work be abandoned until another year. 

The plant in use here at the present time is as follows: One Menge dredge and 
outfit ; two dump-scows, average each 200 yards; one tug, Parker; one quarter-boat, 
one barge, one pile-driver, two calking-fiats, four skiffs, and one yawl. 

The tug Parker was purchased at St. Louis during the first quarter, and has 
proved a very fine boat. 

The contractors' plant consists of the following : One dredge, Shelly ; one dredge, 
Semdon ; four large scows, capacity averaging 4^ yards each ; two tugs, Kaieer and 
Mannie ; fonr small boats. 

Before giving the details of the work and repairs on the Menge dredge, it would be 
well to submit the following description of that machine : 

The dredge (of the endless chain or ladder patent) was built by Joseph Menge, of 
New Orleans, La., in accordance with specifications accepted by Captain Rosseil, in 
16H9, and is now the property of the United States Government. It is 95 feet long, 
40-foot beam, 5 feet depth of hold, made of two barges, 15 feet beam each, with a 10- 
foot space between, forming a well for two bucket cranes. The two barges are held 
together transversely by six pieces of pine, 6 by 5 inches, on deck, with angle irons 
l>eneath ; also, by three l^-incn rods near stern, extending across the barges to out- 
side. There are six braces between the barges, 6 by 12 inches by 10 feet long, but- 
ting against the outside, these braces having angle irons at each end, secured to 
sides of barges. Each barge has 8 by 14 inches lower gunwales, 4 by 16 inches tie 
braces (3 feet center to center) dove-tailed into gunwales, and six fore and aft keel- 
sons 4 by 10 inches on edge, with tie braces pinned to same. The sides and ends are 
of 6 by 12 inch Inmber, bolted with f-inch drift-bolts, 18-inch centers. Th^re 
are 8 by 8 inch comer posts and 6 by 6-inch stanchions in hull, also, 3 by 12 inch 
bottom plank laid crosswise, fastened with | by 7 inch spikes. The beams are 4 
by 8 inches, laid transversely, with 26-inch centers let into side 1^ inches and drift- 
bolted. The deck is 2 by 8 inch plank, fore and aft, secured with 20d nails. 
The middle keelson is 6 by 15 inches, running fore and aft, and pinned to 4 by 6 
inch tie braces, with 4 by 4 inch studding between it and the deck-beams. Each 
barge has a square-baUt end aft, and rake forward built outside of the main body of 
the dredge. The hull outside and inside is well painted and saturated with creosote 
oil. There are two spud wells in dredge— one aft, the other forward of bucket-crane 
vreli, which occupies middle of dredge. £ach spud well is lined at bottom and top 
vrith 4 by H inch steel friction .plates; the two spuds are made of four pieces of pine, 
well bolted together edgewise ; the finished spud being lined with 3 by | inch steel 
bars, two to each side and one on each edge. The spuds are raised by a rack let into 
side of spud and pinion connected by gearing to steam-power in case of forward 
spud ; the aft one to worm-gear worked by band. The lower end of each spud has 
a carved cast-iron cutter let into and secured to it to direct the motion of the dredge 
while working. Fonr pairs of 8 by 10 inch and two pairs of 8 by 10 inch uprights 
at the stem of the dredge, capped, braced, and securely fastened with bolts, receive 
the working parts of the dredging machinery and support the upper ends of the cranes, 
the hopper, and the delivery troughs. The latter are so arranged that the excava- 
tion can be delivered to right or left of dredge, or on both sides at once. This stero- 
f^ame is guyed or braced by fore and aft l^inch hog-chains. A hinged chute extends 
from each side of frame- work, supported by derricks and hangers. A little forward of 
midships, a frame composed of two 10 by 10 inch uprights, with 10 by 12 inch cap pieces, 
two pair of 4 by 10 inch side braces, and two 8 by 8 inch aft braces, all securely bolted, 
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receive the crane-hoist shiTes. Also a Baw-baokfWkme is situated midshipeyWitbtlie 
braces as far down as the oscillation of the crane will allow. Two erases, 75 feet long 
each, made of iihj 16 inch lumber, extend from stem frame- work tfaroiigh well, being 
fastened near lower end by heavy chains to hoisting flrame. The frames have pine side 
gnidesS by 10 inch ; tie braces 4 by 10 inches, and floorS^ inches thick. Each eraneoecil- 
mtes from a point clear of the water-line to about 90 feet below the aniface. At thestera 
of the dredge is located the cabins, kitchen, tool and store rooms, and all aooommo- 
dations for crew and their subsistence. For working the dredge, movingthe buckets, 
changing the position of inclination of the cranes, and moving the dredge forward, 
the following machinery is used on each barge, it being possiUe to work one or both 
cranes, as mav be desired, and therefore one or both sets of machinery. Each barge 
has Just aft of midships and in front of cabins, an Atlas engine 11 by 15 inches with re- 
versing gear, and a 40 horse-power Atlas boiler complete, a duplex Worthtngtoii 
steam-pump with connections to bilge, to boiler, and to hose, with S-inehsnctioa and 
l|-inch discharge. These large engines run a 4- ply 12-inch rubber belt connected 
with pulley, running shaft to which is ffeared a sprocket wheel, which sets in motion 
the endless-chain carrying buckets. Tnere are two sprocket wheels each oontaining 
twenty eight sprocket teeth (on each side). There are four 48-ineh idler wheels, reg- 
ulating the position or sag of the buckets in the reversed conditi<«. One steel shaft 
and one cutter wheel is fastened at lower end of each crane to cut up the material 
before it comes in contact with the bucket. There are thirty-five dredge-bnekets on 
each pair of chains (approximate capscity of bucket, 3^ enbic feet). The buckets have 
bottom shell of i-inch iron, top shell ^inch steel, cutters 3^ by i inch steel, cross-barB 
If-inch ronnd iron. There are two tracks, 3 by f inch iron, on top of eaeh crane incline, 
and two side-tracks, 2 by ^ inch iron. The top tracks were originally steel, bnt wesr- 
ing out in a short time were replaced by wrought-iron. One 8 hofse^power donkey- 
engine is used on each side in hoisting-cranes by means of worm gear and heavy chain- 
drum. The chain (l^-inoh proof) working through heavvshieves in forward frame 
and fastened to crane by two 3 by | inch iron hangers (hanger- rods )^inch). The 
donkey-engines are also used in moving the dredge forward by sprocket chain-gear 
and spools on shafts, and also hoists the forward spud. The endless chains working 
over crane-track and idlers and through sprocket teeth, carrying buckets, two to each 
crane, are of 2 by f inch Bessemer steel loops and links of hound refined iron alternat- 
ing, the link being square. A deck-pump is situated in front of laborers' quarters and 
just back of right-hand boiler, being used for pumping up boilers, cleaning, etc. 

In order to dredge, the cranes are Towered to the required depth, the spuds let into 
the ground until the iron blades are well under the surface, and the large engines 
then put in motion. The cutters break up the hard material and the buckets take 
it up and carry it to top of.crane, throwing it into the hopper at upper end. In turn- 
ing to lower side of crane from the hopper, the material slides by its own weight into 
the troughs and thence into the dump-scow at side. This description is in part taken 
from the specifications, which were followed very accurately in building tne dredge, 
and gives the condition before the numerous repairs and changes had been made. 

It was not until we found it impossible to obtain good results, or, in fact, to do any 
work worth mentioning, that it was determined to make radical changes, bnt after 
our complete failure in December I recommended the changes, which were made, as 
follows : 

The entire sprocket machinery at bow of boat for moving forward, which had 
proved very defective, and almost nseless, was taken off of each side and replaced by 
two single-barrel steam capstans. The stem-spud was connected to small reversing 
engine. Plates were fastened to endless chains in order to relieve them of wearing 
by excessive friction. In addition to this, the roof was covered and heavily painted, 
and the dredge given two coats of paint. The two rubber belts (12 inches), which 
were entirely inadequate to carry the requisite power to the dredging maotilnery, 
were replaced by heavy patent link-leather belts. With these additions, the dredge 
was put to work and commenced digging March 25. 

Her record was as follows : 

Mar. 25. Cubic yards measured in scows 1 100 

26. Cubic yards measured in scows 156 

27. Cubic yards measured in scows 90 

28. Cubic yards measured in scows ^ 200 

29. Cubic yards measured in ticows ." 109 

Apr. 1. Cubic yards measured in scows 200 

3. Cubic yards measured in scows 107 

4. Cubic yards measured in scows 165 

5. Cubic yards measured in scows 250 

Total cubic yards measured in scows 1,514 

It was found during this time that the dredge was still imperfect in many respeets, 
and she was laid np once more for changes and repairs. The beam carrying crane- 
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hangers has been inoreased in strength (fonr times). The entire hopper was re- 
modeled and lowered to avoid losing a large percentage of material, as had been the 
ease before. The bearings of main shaft, which were light and unreliable, were 
atiengthened. The iron hangers were increased in size and section. A track and 
rollers have been placed on cranes, and runners riTetted io backets to reduce the fric- 
tion on endless chains and work of engines. This latter is aninyentiou of Capt. Dan 
Kingman's, of the Engineer Corps, and is in use on his dredge at the mouth of Red 
River. A double-barrel steam capstan was placed at stem of dredge, to be used in 
hauling back in out and regulating position by breast lines. Other small additions 
were made, and the dredge is now ready for work. It is hoped, with these changes, 
she will be able to move at least half the material for which she was designed. It 
will be impossible, as she has Just commenced work, to make any extended record or 
estimate of her performance to accompany this report. Her record for the few days 
she has been operated is as follows : 

May 14. Cubic yards measured in scows 601 

15. Cubic yards measured in scows 287 

16. Cubic yards measured in scows i 540 

17. Cubic yards measured in scows 305 

19. Cubic yards measured in scows 325 

20. Cubic yards measured in scows 427 

21. Cubic yards measured in scows ^0 

22. Cubic yards measured in scows 151 

(Broke gear-wheel.) 

26. Cubic yards measured in scows 652 

27. Cubic yards measured in scows 701 

28. Cubic yards measured in scows 320 

29. Cubic yards measured in scows 742 

30. Cubic yards measured in j»cowb 1^ 

31. Cubic yards measured in scows 572 

Total cubic yards measured in scows 6,193 

The original ^lan and history of the beginning and progress of the work on this 
harbor is given in former reports, dating from 1878 to the present time. 

In regard to Delta Point, it will be impossible to make any report or estimate for 
repairs or new work. 

Before the high water, early in the winter, the revetment was in comparatively 
good shape. 

There was some caving in the reach above where Captain Russell recommended a 
large expenditure. What the high water has eftected at that point, it will be im- 
possible to state until the river reaches a much lower stage. 

During the flood, which is Just subsiding, we were called on a number of times to 
assist in protecting levees. I made a trip to the Raleigh Crevasse, at the request of 
the president of the fifth district, Louisiana Levee Board, and with the assistance of 
Mr. C. J. Coney, succeeded, in a very short time, with the aid of plant and laborers 
furnished by levee board, in stopping the caving at ends of break, by means of mat- 
tresses built of willow facines and rope, and sunk with sods of earth. This method, 
I believe, can be made succ^ful where every other means fails. The tug Parker was 
used by the levee board for over two weeks, and we have endeavored to assist in 
eveiT possible way, as you directed, in saving the levees and property endangered 
by the flood. 

FINANCIAL STATBMBNT. 

Viokdhurg Harlar. 

Balance May 31, 1889 $108,205.73 

Expended to June 30, 1890 : 

Cost of plant, outfit, and repairs $21, 410.35 

Labor, repairs to dam and dike 450.17 

Material, repairs to dam and dike 904.98 

Subsistence 1,278.92 

Care of public property 559.18 

Dredging by United States plant , 7,202.08 

Administration, inspection, and office expenses 3, 215. 79 

Dredging under contract 35,267.55 

Surveys 534.00 

MisoeUaneons 76.96 

70,899.98 

BalanceJune30,1890 •37,305.75 

* Fifteen thousand dollars of this amount reserved for repairs to Delta Point. 
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Of which : 

In treasury |15,000.00 

On hand 22.305.75 

(37,305.75 

Leu liabiliticB 4,806.17 

Less amount covered by ezistine contracts 11, 296. 06 

16,102.23 

Available balance June 30, 1890 4 •21,203.52 

Amount that can be profitably expended in fiscal year ending 
June30, 1892 175,000.00 

Delta Paint, Lousiana. 

Balance May 31, 1889 $166.58 

Balance in hand June 30, 1890 156.58 

Available balance June 30, 1890 156.58 



Amount that can be profitably expended in fiscal year eudiuff June 30, 
1892 150.000.00 



GREENVILLE HARBOR. 

The city of Greenville is situated in a deep, concave bend of the river, and is built 
entirely upon alluvial land. Rapid caving of the bank had been going on for some 
years, until a considerable portion of the business part of the town had bMn destroyed. 

In the river and harbor act, approved August 5, 1886, a special allotment of 
$37,500 was made for preventing the bank at Qreenville fh>m further caving. The 
Mississippi River Commission decided, after an examination of the locality had been 
made, not to begin work here under this allotment, as the amount available was ooii> 
sidered too small to warrant the inauguration of operations. 

The city of Greenville subsequently placed $42,277.10 in the hands of the Commia- 
sion for bank protection work. A project was thereupon prepared by the oflScer in 
charge of the district, which was duly approved by the Commission and carried oat 
by the district officer, and which contemplated the building of ten sloping spnia 
along the city front, at intervals apart of about 500 feet, and similar in oonstmction 
to those previously built at New Orleans and Memphis. 

The results of the work were generally satiRfactory, as pointed out on pages 2706, 
2707, Annual Report of Chief of Engineers, 1889. The overfall over the dikes, how- 
ever, produced a scouring effect between the dikes near the shore, which cansed » 
slipping and caving of the bank between the dikes. The funds being practically 
exhausted, nothing could be done to prevent this until a further allotment should be 
made. • 

The river and harbor act, approved August 11, 1888, appropriated $75,000 for con- 
tinuing work, in accordance with the plans and specifications of the Mississippi River 
Commission at Greenville, Miss. With the funds thus provided work was resumed, 
and during the year ending May 31, 1889, four mattresses were built and sunk alon^ 
the bank between the dikes to prevent further caving there, and 706 feet of the b»nk 
along the foot of the island, immediately above Oreenville, were revetted, as the rapid 
caving at this point threatened the improvement below. 

A detailed report on the Greenville dikes by Assistant Engineer Hider is hereto 
appended. 

The work done during the year ending May 31, 1889, is set forth in detail in the 
following report of Mr. H. St. L. Copp^e, assistant engineer, who was in loeal oharg:e 
of the work. 

The high sta^e of the river has prevented the making of an examination of tlie 
work, so, that its present condition and the improvement resulting from the work 
are unknown. The bank for several miles above Greenville is caving rapidly, and 
should be revetted, both for the general improvement of tlM river and for tne protao- 
tion of Greenville and its harbor. 

* Fifteen tbonsand dollars of this amount reserved for repairs to Delta Fointb 
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REPORT OF MR. H. 8T. JL. GOPP^B, ASSISTANT KNGINKBR, ON THE WOBK DONE DUR- 
ING THE YEAR ENDING MAY 31, 1890. 

On being relieved of the Asbton work I was ordered to Greenvilley to take charge 
of the repairs and new work contemplated at that point. The plant nsed for this 
work was : Two qaarter-boats, one ealking-flat, pne pile-driver (nsed as bank grader 
with trongh), two model barges, six square barges, two yawls, two skiffs, one steam- 
boat, Vidalia. 

For yean the river-front of Greenville had been caving away, necessitating period- 
ical moving back of the houses, and in fact of the entire town, to avoid beinff swal- 
lowed up by the ravenous water of the Mississippi River. The old town, established 
jast after the war, and before the bank caving commenced, was situated over a mile 
west of the present site. The intervening land is now occupied by the bed of the 
Miwissippi River, and at low water the Arkansas bank extends far over what was 
formerly the old Mississippi territory. 

In order to regulate this part of the river, as well as protect the city front, the 
Mississippi River Commission commenced work in the fail of 1887 ; the plan being 
to stop the erosion of the bank by means of submerged spurs or sills, located 500 feet 
apart, resting on mattresses and extending beyond the deepest water or the channel 
line immediately next to the shore. 

Ten dikes sluiilar to that shown in Plate No. 1 were constructed in the fall and win- 
ter of that year, under the local direction of Mr. Arthur Hider, and they have proven 
very successful in checking the caving, and restoring a permanent front to tne city 
of Greenville. (For detail^ reports and maps of the work of 1887, see Report of 
Chief of Engineers, 1888, Part IV, page 2280.) 

After the completion of the work of 1887, or during the low- water of 1888, a sur- 
vey demonstrated the fact that extensile caving had taken place in the bend above 
the immediate city &ont and along the island that threatened the system of dikes. 

A mattress 706 feet by 250 feet was built and sunk in position, and the upper 
bank revetment completed just above the island, in the winter of 1888. (See Report 
of the Chief of Engineers, 1880, page 2707. 

This latter mat and revetment was badly broken up, and the face of the island was 
caving when work was ordered to be done in August, 1889. Captain Rossell at first 
contemplated building three submerged (crib) spur-dikes in the positions marked A, 
B, and C on the map, but owing to scarcity of funds and change of plans, the point 
A was protected by a pile-dike 200 feet above the upper or last dike of the system 
built in 1887. The other dikes A and B were built 500 feet apart, the latter being 
located on the mattress sunk in the winter of l888-'89. 

The work under my charge was simply the extension up the river of the original 
system of dikes, to stop the caving that had occurred recently above the other pro- 
tection works. 

More in detail, the work consists of cribs forming two dikes built of willows, wire, 
and stone, constructed at an interval of 500 feet in length of bank, and reaching out 
beyond the deepest water in the channel of the river next the shore. The purpose they 
are expected to serve, as stated before, is the protection of the bank immediately at the 
point they occupy, and the indirect protection of the intermediate spaces by deposit, 
due to the eddy and dead water formed by their position out in the swift current of the 
river. Each dike was constructed as follows : The sites of the proposed mattresses and 
cribs having been selected, and soundings having been made, to define the profile of 
the bank and the distance to the channel, or, in other words, an accurate hydrograph- 
ical survey having been made of the locality, a mattress was built at B, 290 feet long by 
290 feet wide, extending about 50 feet beyond the channel line. At C one was built 
250 feet long by 275 feet wide. The mattresses were constructed on floating ways of 
willow, brush, and poles, wire and spikes, and as woven launched off into the river ; 
when finished and all afloat, and all necessary lines and cables fastened to the shore, 
they were sunk into place on the submerged bank, with rock wheeled and thrown from 
bargcA. The mattress acts as the foundation of the cribs which form the dike. The 
dimensions and general form of cribs Is governed by the profile of the bank immedi- 
ately at the points where it is proposed to build the dike. At B and C, Plate 1, cribs 
were built of uniform section ; in each case the dike being composed of two cribs. In 
Dike No. 1, or C, the lower crib was 240 feet long, 32 feet wide, and 8 feet high the 
upper one 190 feet long, 16 feet wide, and 6 feet high. At Dike No. 2 (B), the lower crib 
was 212 feet long, 32 feet wide, and 8 feet high ; the upper one 170 feet long, 16 feet 
wide, and 8 feet high. The center of Dike No. 1 averages 90 feet below the up* stream 
edge of foundation mattress, and center of Dike No. 2, 90 feet below up-stream edge of 
its mattress. 

The dikes are finished with a uniform surface as nearly as possiHle, and a slope of 
from 4 to 1, to 5 to 1, from river end to top of graded bank. As a rule, in this work 
the crib is a right rectangular prism, the top one having a base of 16 feet and 
depth of 8 feet, with variable length depending on conditions existing in bank and 
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channel lines ; the next one below is 32 feet by 8 feet by variable length ; the next, 
48 feet by 8 feet, and so on^ each one below in the series being 16 feet wider than the 
one immediately above. As a general rnle, also, three cribs form the dike, bat, ms 
before stated in this work, but two were constrained in each dike. Each erib was 
oonstmoted as follows : A frame-work of polea and willows laid with 8 feet aqnazw 
was built of the required length and breadth, on its layers of brash, both loii|ritudi- 
nal and transverse, were laid, and again another frame, and so on, nntil the orib was 
about 3 feet in depth. These frames and intermediate layers of brash were thor* 
oughly sewed together with No. 12 wire and 9-inch spikes ; wire being left projecting 
far above the last frame to fasten the lower to the upper orib- work. Up to thu point 
the orib was built on floating ways, but was then launched into the river at the 
place where it was proposed to sink it. It was fastened by lines to mooring barges 
that held it in place, and also fastened to the shore by shackle lines r2-inch manilla 
rope) leading well up the river, also holding it in place while sinking. 

At the intersection of the frame poles, 8 feet apart, upright posts 9 feet high ^were 
securely fastened, and to these, as well as the lower frame, a crib was built, pockets 
being constructed in each 8-foot square, the shape of an inverted fmstrum of a pyrm- 
mid, Dy dropping back one pole as each layer was laid above the bottom frame. When 
finished the crib was from 6 to 8 feet deep, with pockets 8 feet from center to center, 
each capable of holding, approximately, 3 cubic yards of rock. The whole orib, like 
the lower frame, was securely fastened throughout with spikes, wire, and cable. The 
sinking of the crib was as follows : after it wa» securely fastened to the bank by 
cables, having been placed over the desired location, and after being checked up well 
bv slip lines to the mooring bargee, rook was thrown into the pockets until they were 
filled. When the weight had much more than overcome the buoyancy of the stractnre 
the strain on the lines was very great and the orib in a sinking condition ; then the 
slip lines were rendered slowly, care being taken to keep the strain uniform till the 
crib settled in its place on the mattress. In the case of the second or top crib, it was 
built 16 feet narrower as above stated, and sunk in the same manner, but on top of 
the first one, thus forming a sill 16 feet high. After the construction of the raattress 
the portion of the bank (at the site of the dike) above the water line was graded v> 
a slope of 4 to 1, preparatory to covering it with a revetment of willow and stone, 
whicD was connected with the submerged mat. 

The grading was done with shovels, the material being thrown into troughs laid od 
the required slope (as a guide), through which a constant stream of water was forced 
fh)m a pump on a floating pile-driver; thus each shovelful taken from the face of 
the crib was cast but once, and carried by the force of the water into the river. The 
cost of moving the earth in this manner was from 6 to 8 cents per cubic yard, depend- 
ing upon the consistency of the material forming the bank, which ranged from loose, 
sandy loam to the toughest kind of blue clay and*buck-8hot. 

After completing the grading the revetment was laid ; first, a frame* work of pole$ 
in 8-foot squares ; then two diagonal layers of brush placed on the frame ; then a cor- 
responding frame- work to that below placed on top, and the entire mass fastendl 
together securely with wire and spikes ; on this stone was placed so dose as to hid« 
the top layer of brush. When the revetment was finished and mattress and cribs 
sunk, the upper end of the partly submerged crib- work was joined to the top of tbr 
bank, the work being accomplished on the ground, the construction otherwise bein^ 
the same, and the pockets filled with rock as in the case of the submerged work. 
Great trouble was experienced during the progress of this work in obtaining snfficiect 
reliable labor. 

The accompanying abstract and estimate of labor and material gives the details d 
dimensions, composition, and cost of this work. The great variation in the amooct 
of material and labor expended is due to the (before mentioned) irregular and nnrt^ 
liable labor, the different conditions in stage of river, etc., and slight chan^ea in de- 
tails of construction. About September 15 considerable difficulty in construction was 
caused by the rising river and large quantities of floating drift ; bat, though tlie work 
was considerably retarded and the cost increased, no actual loss was sustained. 

For this work brush was obtained fh>m EHsha Evins, at 1.27^ per cord ; pole^ 
ttom the same party, at $1.47^ per cord ; and stone from Gottlieb Hartweg, at f 1.3<' 
per ton. October 30 the work on these two dikes was practically completed, and &<> 
there were certain repairs ordered by the Commission at Bolivar, Miss., whiob it w^ 
necessary to make at low water, I was instructed to move the plant to thAt point. 
and do the necessary work there before the winter rise should take nlaoe. 

The amount of money spent up to that time was 124,037.76 for tne two dikes, oi 
say $12,000 apiece. This is considerably in excess of what it would be under inor« 
favorable circumstances. 

November the 26th, the repair work at Bolivar being completed, the pl&nt wu 
again moved to Greenville. 

At first it was proposed to build at A (see map) a crib-dike similar to tliose coi- 
atrooted during September and October, but owing to scarcity of funds, and also w 
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the £ftot that Captain Leaoh, who was then in charge of the third district, thought a 
pile-dike, which woold be much le«s expensive, woold answer the same purpose, and 
as well carry ont the plans of the Commission, he ordered such a structure to be 
eieoted. The material for this work was in great part brought from Bolivar, and 
part obtained by Government labor. The dike, as shown on map, was constructed by 
first sinking in the pocket a mattress 270 feet long by 100 feet wide, and through it 
driving, as ahown, two rows of cotton wood piling, the piles in each row being about 
8 feet apart and the rows 20 feet apart ; the piles being all connected by double, 
horisontal bracing, one system near top of piling and the other about 10 feet below. 
The inner or land row of piling was closely wattled with willow brush, and the ends 
of the dike fastened well into the bank. This completed the season's work at Green- 
ville, and leaves an unprotected space of river front from the pile-dike to Dike No. 2 
along face of island of about 1,500 feet, which by all means should be protected as 
soon as Ainds are available for that work ; also above Dike No. 1 the bank should be 
protected fur a long distance to stop the caving, which would ultimately endanger 
the work below. For exact cost and plan of operations see Mr. Plider's report to 
General Comstook, president of the Commission, made March 30, 1890. He recom- 
mends as follows : 

Three more dikes to complete system $30,000 

5,000 linear feet of revetment, at tM3 215,000 

245,000 

The work was practically finished December 16, 1839, and the property left in 
charge of Mr. C. J. Coney, foreman, until such time as the balance of the fieet should 
be moved to Greenville. 



BSPORT OF ASSISTANT ENGINEER ARTHUR HIDER OX THE GREENVILLE DIKES. 

Louisiana Bend, La., liovetnher 30, 1889. 

Sir: In compliance with instructions contained in your letter to Capt. Wm. T. 
Rossell, October 11, which he referred to me on October 16, directing a ''report of the 
funeral conclusions to be drawn from the Greonville dikes as to their permanence, 
their effect, their snccess, and final cost, the following is respectfully snoraitted : 

The data upon which this report is based is derived from comparison of surveys of 
the locality snowing the condition of the dikes from time to time, and from examina- 
tion at irregular intervals of such parts of the work as were exposed above water. 

For a number of years the caving in front of thd town has been very rapid. A sur- 
vey was made in August, 1884, with the view of improving the front, but no work 
wras done at that time. The next survey was that of August, 1887, which was made 
with the object of properly locating the spur-dikes that were ordered built by the 
Commission. During this interval of three years the rapid caving of the front had 
continued, one whole street (Mulberry street, parallel with the river), that contained 
the principal business houses, had caved away. 

Feet 

At Percy avenue the bank had caved back 400 

At Central avenue the bank had caved back 390 

At Main street the bank had caved back 640 

At Washington avenue the bank had caved back 480 

At Davis street the bank had caved back 510 

An average distance of 464 feet, and an average yenrly rate of 154 feet. 

The survey of August, 1887, showed that the location of the dikes would give the 
host results by placing them about equidistant along the front of the business part 
of the town. The dikes were therefore locattul, beginning at Range 4^, at intervals 
of 500 feet, except the two lowest ones, Dike 12^ and 13^ ; these were spaced some- 
what farther apart, so as to protect the bank at the lowest point, where caving had 
taken place the previous season. 

These dikes had for foundations substantial willow mattresses, extending 200 feet 
along the bank and out into the river, beyond the zero line from 280 to 420 feet. The 
dikes were built of willow brush and of cottonwood and willow poles; the top cribs 
'were 16 feet wide, except Dike 4^, which consisted of a single crib 24 feet wide, the 
cribs increasing in width to 32 and 48 feet at the bottom, where the dike consisted of 
two or three tiers of cribs, as the case might be. The foundation mattresses in all 
cases extended out in the river beyond the deepest water; the brush, revetment and 
the crib-work was continued np to the top of the bank, and this revetment after- 
"wards covered with stone. In lowering the upper cribs to their place great care was 
taken to have them rest on those below. 

The cribs were from 6 to 8 feet deep, and the dikes themselves, when finished, varied 
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ftom 6 to 34 feet in beigbt, depending on the number of cribs used. The dikes Imd an 
approximately uniform slope from their outer ends to the top of the bank. Ten of 
these dikes were bnilt^ covering about 5,000 linear feet Of bank, the work beginniug 
September 16, 1887, and ending January 20, 1888. While the work was in progress, 
caving took place at Range 10) and Range' 11, bat as soon as the foundatioii mata 
were in place it ceased at both these points. 

On December 29, more than a month after Dike 8) was finished, a cave occnrred 
Just above it, undermining the revetment on the upper slope; an extra mat was built 
in front of this, and no further caving took plaoe. These slips were undoubtedly doe 
to previous undermining of the bank, as indicated on top of the bank by cracks while 
the woik was in progress. The work stood the ensuing liigh water and the subse- 
quent fall until late in July, 1889, without showing any break or cave, when slough- 
ing of the bank between the dikes began, and continued during the low- water season 
from August to November. 

A survev was made October. 1888, to determine what the effect of the dikes on the 
front had been ; this survey snowed that in every case, except at the extreme ends of 
the system, there had been eddy action immediately below the spurs, and that the 
first effect of the dikes had been to induce a scour between them next the shore, and 
thus cause a slip or cave in the bank between the spurs. This slipping of the bank 
was from Ranges 6i to 7i, 7i to 8i, 8i to 9i, 9i to 10^, 101 to Hi, and just below 
Dike 14. 

At the same time, at Dikes 4^, 5^, and 6^, there was a considerable deposit. This 
deposit extended up the slope to within 10 or 15 feet of the top of bank, entirely 
covering the revetment and cribs in places; at Dike ]0| there was also a deposit from 
3 to 4 feet deep on the lower half of the revetment. At the other dikes there was no 
deposit. There was a slight breaking down of the lower end of the upper revetment 
at dikes 8^, 10^, and 13|, due to undermining of the bank. 

The above was the condition of the work when repairs began December 11, 1888. 
These repairs consisted of three mattresses 185 feet wide, built where the greatest 
caving had occnrred, viz. between Dikes 8^, 9^, 9^ to 10|, 12^ and 13jfr; a small mat 
was put in below Range 13^. The mats lapped those already built, with upper-bank 
protection, extending as high as could well be done without an excessive amonnt of 
grading. The repairs were finished January 31, 1^88. At the present writins the 
work is in ffood condition ; the repairs made seem to have accomplished the ooiect 
for which they were intended, as no further caving has taken place and the work is 
intact. 

Comparing the survey of August, 1887, made inst before the dikes were constmcted, 
with that made in October, 1888, shows that there was a scour between the dikes, as 
indicated bv the changes in position of the 30-feet contour nearest the Mississippi 
shore, which moved in towards the shore. 

Between Dikes 4^ and 5^, on Range 5, the contour moved out 60 feet. 

Between Dikes 5| and 6^, on Range 6, the contour moved in 150 feet. 

Between Dikes 6^ and 7i, on Range 7, the contour moved in 30 feet. 

Between Dikes 7^ and 8^, on Range 8, the contour moved in 30 feet. 

Between Dikes 8^ and 9i, on Range 9, the contour moved in 25 feet. 

Between Dikes 9^ and 10^, on Range 10, the contour moved in 30 feet. 

Between Dikes 10^ and 11^, on Range 11, the contour moved in 40 feet. 

Between Dikes 11^ and 12^, on Range 12, the contour moved in 170 feet. 

Between Dikes 12i and 13^, on Range 13, the contour moved out 80 feet. 

Below Dike 13^, Rftuge 14, the contour moved out 90 feet. 

Again, comparing the survev of October, 1H88, with that of January, 1889, shows 
that the 30-foot contour moved out again in the mean time between seven of the ten 
dikes, as the effect of the second high water, as follows: 

Between Dikes 4^ and 5|, on Range 5, the contour moved out 60 feet. 

Between Dikes b^ and 6^, on Range 6, the contour moved in 20 feet. 

Between Dikes 6i and 7|, on Range 7, the contour moved out 10 feet. 

Between Dikes 7^ and 8|, on Range 8, the contour moved out 60 feet. 

Between Dikes 8^ and 9^, on Range 9, the contour moved in 80 feet. 

Between Dikes 9i andlO^, on Range 10, the contour moved out. 

Between Dikes 10^ and llj, on Range 11, the contour moved out 55 feet. 

Between Dikes 11^ and 12f , on Range 12, the contour moved out 40 feet. 

Between Dikes 12| and 13^, on Range 13, the contour moved in 15 feet. 

Below Dike 13^, on Range 14, the contotir moved out 40 feet. 

In this connection attention is called to the fact tl^at after the dikes had saccees- 
f ully withstood the effects of the first high water the filling up of the pockets betweec 
the dikes with sediment took place, not only where the extra mats were sunk to pre- 
vent further caving, but below the other dike« also, between which no mats had l^en 
placed. This would seem to indicate that, although the first effect of the spans wss 
to induce a scour immediately below them, the resistance that they exerted to the 
eroding action of the current caused the maximum effect of the current impinging 
against the bank to exert itself gradually further out, thus inducing a fill or deposit 
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immediately below each dike which had at first sooared out, a shifting of the deep- 
water Hoe mrther away from the protected bank, and a corresponding movement of 
the channel towards the opposite shore. 

Comparing the survey of August, 1887, with that of October-November^ 1889, shows 
that the above is the case. 



Feet 
The west 30 feet contour, opposite^ 

Bange 10, moved out 245 

Bange 11, moved out 165 

Bange 12, moved out 195 

Bange 13, moved out 295 

Bange 14, moved out 230 

Feet. 



90 



While the line of deepest water, 
opposite— 

Bange 10, moved in 

Baiige 11, moved in. 

Bange 12, moved out 115 

Bange 13, moved out. 

Bange 14, moved out 50 



Feet. 
The west 30 feet contour, oppobite — 

BaogeS, movedin 20 

Bange 6, moved in 35 

Bange 7, moved out 20 

Bange 8, moved out 135 

Bange 9, moved out 280 

Feet. 
While the line of deepest water, 
opposite — 

Bange 5, moved out 485 

Bange 6, moved out 50 

Bange 7, moved out ti5 

Bange 8, moved in 35 

Bange 9, moved in. 

An examination of the sonndinss taken in January, May, and October, 1889, shows 
a general settlement of all the cribs, and at the same time a fill over the foundation 
mat immediately below. The October soundings show an after fill over Dikes 7^ and 
8i. Part of this settlement is undoubtedly due to compression of the willow brush 
and poles, of which the cribs were constructed, and the rest to scour. The survey of 
October, 1889, shows that all the cribs are in place. 

The maximum height above the foundation mat to the top of the cribs was found 
from 80 to 120 feet beyond the zero line, and at a point from 225 to 250 feet beyond the 
zero line; theheight of the cribs above the bottom decreased to zero. The average 
height of the ten cribs above the foundation mtts at the deepest points was 15 
feet. The profiles indicate a scour at these points below the general level of the 
bottom. As this may be considered the foot of the upper bank slope, it is important, 
to insure stability to the work, that no scour should take place here. The advisa- 
bility of lower onbs at this point gradually decreasing in height to the level of the 
foundation mat 150 feet farther out, suggests itself from a careful examination of the 
profiles as likely to give better results than cribs of greater height, for the reason 
that both the overpour and eddy action would be less. 

As to the permanence of the improvement ; from a careful examination of the 
locality and its present condition, I see no reason why the dikes may not be considered 
as permanent as oould be expected of this class of work, provided that the system 
is extended up-stream, or other improvements made which will prevent the dikes 
being destroyed, from cutting back and working down of the bend below. The effect 
of the dikes has undoubtedly been to hold the river front, and to gradually shift the 
deep water away firom the protected shore. The success of the work has given a 
new impetus to business in the town, and the money spent by the citizens on the 
improvement has already been returned to them in increased value of property. New 
business enterprises have sprung up, and a general feeling of confidence m the stabil- 
ity of the improvement prevails. 

Final cost. — ^The original cost of the ten dikes was about |10,000 for each dike. To 
extend the system to connect with the two dikes finished this season, three additional 
dikes should be built, and above this 5,000 linear feet of revetment will be required 
to protect the caving bend, so as to render the improvement complete and permanent. 
These mattresses should extend out 300 feet beyond low water. A modified plan for 
this work, combining the continuous revetment and low spurs, is submitted here- 
with, and an approximate estimate of cost. The estimated final cost of completing 
the improvement of Qreenville Harbor on the plan proposed, is as follows: 

Cost of ten dikee bnUt in 1887 $101,011.03 

Bepairs to same and mattresses at head of Island 93, 1888 39,565.78 

Cost of two dikes built in 1889, about - 24,000.00 

Costof three more dikes to complete system 30.000.00 

5, 000 linear feet of revetment on the proposed plan, at |43 215, 000. 00 

Total estimated final cost 409,576.81 



PROPOSED PLAJ7 FOR BANK REYBTMBNT. 



The following modification of the plan heretofore followed in protecting caving 
banks, or, more properly, a oombination of the continuous mattress revetment ana 
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spar-dike system, suggests itself from an examination of the effects of the GreeuTiUe 
dikes, and from experience in execnting both of these classes of work at other 
localities. 

The main advantages are — 

First. Extra strength at the foot of the upper slope, where the nndermininf^ of the 
bank bei^s. 

Second. Utilizing the overfapping of the main mattresses as a fonndation for the 
dikes. 

Third. Constructing the dikes as part of the main mattress, and with such profiles 
as from a study of Greenville dikes promise the beet results. 

Fourth. Saving of stone on the extreme upper part of the slope. 
Fifth. Thoroughness of work and method of procedure, allowing the gro ts si 
amount of work to be done during low water. 

DB8GRIPTION OF THB PROPOSED PLAN. 

First. To grade the upper bank to aslope of 1 on 3^ or 4 before any mat building is 
done. 

Second. To build a shore-mat reaching up the slope to about 15 feet staee, and ex- 
tending out in the river to, say, 50 feet beyond the low M^ater-line. Should the atac« 
of water, after the bank has been graded, be too low to allow this to be done, a revet- 
ment of brush to be carried up to the proper height as part of the shore-mat. This 
shore-mat, or shore-mat and brush revetment, to be 100 feet wide, and to be finished 
before the building of the main mattress begins. 

Third. After the shore-mat is in place, to construct the main mattress, extending 
300 feet out from the low water line, the inner edge resting on the shore-mat already 
in position. This main mat to be built in sections of 550 feet, and to be secured by 
f-inch cables to fastenings on top of the bank, the upper and lower 50 feet to be 
cribbed up with poles, so as to form the foundation of the dikes, each mat to overlap 
the upper one 50 feet. In the miMle of this foundation a low dike is to be built 16 
feet wide, 6 feet high, at a point Too feet beyond the zero line, and decreaaing in 
height both ways from this central point to zero at the inner edge of the mat, and at 
a point 250 feet further out. This dike to form a part of the head of each mat, as 
shown on plan. 

Fourth. From low- water line to within 5 feet measured vertically from the top of 
the bank, the upper slope to be covered with stone 10 inches thick. 

The following are some of the advantages of the method proposed : 

The grading of the upper bank before any mat building is done suggests itself 
from practical difficulties that arise in grading the high banks after the mattresses 
are in place. The material of which the bauss are composed is not uniform, loam, 
clay, buckshot, and silt occurring in layers one above the other; frequently for a dis- 
tance the bank is entirely of sand, and at other places silt ; especially is this silt 
found in pockets between points of harder material jotting out from the shore. The 
result where hydraulic grading is the method practiced is a washing out of the lower 
pATt of the slope in holes where composed of sand or silt, breaking down of the out- 
side edge of the grade, and sloughing off next the water. In order not to retard the 
progress of the work, these holes are necei«sarily filled up with loose material, with 
no time for settlement. 

Again, the great Quantity of water pouring down the slope thoroughly satoratee 
the Tower part, and leaves it in anything but a proper condition as a foundation for 
riprap. 

The banks in many places are 30 feet or more in height, with an irregular face, 
approximating 1 on 1. The cables which are woven in the mat, and pasa over the 
top of the bank where the mat is sunk, become loose as the grading proceeds^ and 
afford no resistance to the sliding out of the mat, at a time when it is subjected to 
an enormous strain from the slipping down under the mat of the material that is 
washed from the bank in a semi-'^fluid condition. These cables can not be kept taut 
while the grading at the particular point is in progress, and the result che present 
season has neen, where the material was soft, a sliding out of the mat and parting 
of the cables. This necessitates the building of new mats, adding materially to the 
cost of the work. The diagram below will perhaps explain more dearly. 
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These are the principal practical objections to grading; the upper slope after the 
mat is sunk in place, aside from the fact that this plan of work shortens the time when 
revetment work can be properly done. Inasmuch as the low-water season is of short 
duration, and it is only at low stage that grading of the upper bank can be carried on, 
the amount of revetment work that can be finished depends upon the length of upper 
bank that it is possible to grade before the river rises. And as the grading is neces- 
sarily the length of one mat, from 800 to 1,000 feet, behind (by reason of the space oc- 
cupied by the head and mooring lines to the lower mat under construction), it is com- 
pulsory to stop mat building before the river begins to rise to any extent, in order to 
have sufficient time to grade and revet the slope in front of the last mat, or else leave 
this part of the work in an unfinished condition with the lower part of the bank slope 
nearly vertical. 

Among the advantages of grading ahead of the mat construction are : 

First. The graded bank allows the holding in cables to be permanently fastened 
before the mat is sunk in place, thus preventing any slipping or sliding out of the mat 
from the shore. 

Second. The whole of the low-water season can be utilized for work in mat build- 
ing ; the mat construction and bank revetment can be carried up the graded sldpe 
as the river rises^ thus allowing more work to be accomplished. 

Third. It provides a regular slope for the upper part of the shore mat to rest on or 
for the brush revetment to be placed, which, covering the loose material with which 
the holes in the lower slope made in grading are filled, gives the stone with which 
the slope is covered when completed a better support, and prevents it sinking into 
the soft earth. 

Fourth. It insures better work. 

GENERAL RBMABKS. * 

The weakest part of revetment work is at or near the low-water line. By the 
construction of a shore mat as proposed, a double thickness of mattress is placed at 
the point where a break in the work might be anticipated, and strength therefore 
most needed, besides affording a foundation for the stone on the lower part of the 
slope, vrhere the material is saturated and soft. The overlapping of the main mat- 
tresses on the shore mats forms a footing or abutting course, as it were, to prevent 
the slipping of the stone down the revetment below the low- water line. 

The cribbing up of the upper and lower ends of the main mattress as a foundation, 
and the constructing of the low dikes at the foot of the slope, can be readily and eco- 
nomically done while the mat building is going on. 

From a careful examination of the profiles of the Greenville dikes, and a number of 
sections in caving bends, it is believed that at the point where the grade of the river 
bottoms changes to the more abrupt grade of the caving bank, a system of low dikes 
of the profile proposed would have a good effect. 

There is always danger, to a greater or lesser extent, in building and sinking mats 
300 or 350 feet wide in a rapid current, where the length exceeds 500 or 600 feet. The 
length of the proposed mats is within these limits, and under ordinary circumstances 
there should be aosolutely no danger of loss. 

Leaving out the riprap on the upper 20 feet of the slope would save for a mile of 
work about 3,260 cubic yards of stone ; taking cost of this at |2.50 per oubio yard 
and the cost of placing same at 40 cents, the total saving per mile would be $15,312.* 

There can be no possible danger to the stability of the work in leaving this part of 
the bank unprotected, provided that the lower part of the slope is held ; as the result 
of wave-wash would merely bring the slope to a water grade, and caving above this 
point, even if the bank was left vertical, could do no injury to the revetment under- 
neath it. 

More work can be accomplished by doing the grading first, while at the same time 
it will be left in a finished condition at the end of the working season. 

The general results to be anticipated from revetment constructed as above would 
be due to a series of low dikes placed 500 feet apart, extending 250 feet beyond low 
water, with a continuous mattress between them. The upper slope covered with 
riprap 10 inches thick to within 5 feet of the top of the bank, and a double thick- 
ness of mattress extending from the zero line to a point 50 feet beyond. It is be- 
lieved that this constructing will hold the bank in the worst caving bends. 

• This should be f 9,454. (C. B. C.) 
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An approximate estimate of cost is given below for each 1,000 linear feet of 
pleted work: 

3,400 oords brash, at $1.10 93,740.00 

650 cords poles, at $1.50 97&00 

6,450 cable yards stone, at $2.50 16,125.00 

26,000 pounds f-inch wire cable, at 4 cents 1,170.00 

3,0000 pounds wire, at 4 cents l,2O0.U0 

8,000 pounds spikes and staples, at 4 cents SsSO.OO 

23,530.00 
Cost of labor and towing estimated at 40 per cent, of cost of work 15, 686. 66 

39,216.ti6 
10 per cent, added for contingencies 3,921.66 

Total estimate cost 43, isa 38 

Cost per linear foot of completed work 43.00 

Cost per mile of completed work 227,040.00 

JEsHmate of actual cost of materialy labor, and subsistence in buUdUg crib-dikes at Greew- 
vUU, Mississippij September and October, 1689. 

DIKB No. 1. 
[Foot mat No. 1, 250 feet long by 175 fe«t wide =43,750 square feet] 



Item. 



Cost 

per 
unit 



Coat 



Per 100 square or cubic 
feet 



Item. 



Cost. 



Brush, 400 cords 

Poles, 27 oords 

Stone, 708 tons 

Wlre,40ooUs 

Cable, 7| coils 

Spikes, e-inoh, 2 ke^s . . 
Spikes, O-incb, 6| kegs . 
Staples,! keg 



Total. 



Construction, 4,008 hours . 
Sailor work, 1,327 hours . . 



Total 

Grand total. 



$1.27* 
1.47i 
1.60 
3.37 

42. 27 
3.25 
3.121 
5.00 



$610.00 

08.82 

1,002.00 

134.80 

317.02 

6.50 

20.81 

6.00 



0.914ootd. 
0.913 cord. 
1.016 tons . 
a OUl cord . 
0.017oord. 



0.019 keg. 
0.002 ken. 



3,154.45 



* 091. 56 

* 310. 59 



9.30 hours. 
4. 18 hours . , 



1,002.15 



3,156.60 



$L17 

.23 

2.43 

.31 

.72 



.06 
.01 



4.91 



LSiS 

.71 



2.29 



* IncludlDj; subsistence. 



[First crib, 240 feet lon^ by 32 feet wide by 8 feet high =61,440 cubic feet J 



Brush, 184 cords 

roles, 165 cords 

Stone, 378* tons 

Wire, 37 coils 

Cable, 3| coils 

Spikes, 6-inch, 1 keg... 
8pike^ 9-inob, 10 kegs. 
Staples,! keg 



Total. 



Construction. 2.032 hours . 
Sailor work, 999 hours 



Total 

Grand total . 



1.27i 
1.47* 
1.50 
3.37 
42.27 
3.25 

3.m 

5.00 



.17 
.17 



984.60 
248 87 
667.76 
124.69 
147.94 

3.25 
31.25 

2.50 



1,356.85 



*498.44 
•169. K3 



1668.27 



2.028.62 



0. 299 oord . 
0. 268 cord . 
0.616 ton... 
0.060 coil.. 
0.006 coll.. 



0.018 keg. 
0.001 keg. 



4. 77 hours . 
1.62 hours.... 



.3» 

.49 

.S4 



.0( 



2.21 



.81 



1.08 



3.S 



* Including subsistence. 

I Owing to high water running, drift, and unreliable labor, this is maoh in ezoeaa of what it should be. 
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Eiiimaie of aoiual oost of materialy labor, and subsistence, eUs. — Continued. 
' DIKE Ko. L—ConUnued. 

[Second crib, 190 feet looff by 16 feet wide by 6 feet high =18, 240 oabio feet.] 



Item. 



Bniifa,94oards 

Polet,68eorda 

Stone, 103itona 

Wm,85eoi.\e 

Cabl^Sooils 

Bpikei» e-inch, 1 keg. . . 
Spiket. S»-ineh, 6 kege. 



Total. 



Conetraotioii, 1^881 hotin . 
SailoTiWork, 682 hoon. . . 



TaUl 

Oxmnd total. 



Coet 
per 
unit 



1.27| 
1.47} 
1.50 
3 87 
42.27 
8.26 
8.12^ 



Cost 



8L60 
02.02 
168.76 
84.25 
84.64 
&25 
18.75 



519.06 



*226.27 
98.94 



825.21 



844.27 



Per 100 sqiiare or cubic 
feet. 



Item. 



0. 851 cord . 
0. 345 cord . 
0.562 ton... 
0.137 coil.. 
6.011 coU.. 



0.088 keg. 



7. 30 honrs . 
3. 10 hours . 



Cost 



.45 
.51 
.84 
.46 
.46 



.13 



1.24 
.54 



1.78 
4.62 



^Including snbsistenoe. 
fBevetment No. 1, 25,000 aqnare feet] 



Bnuh, 818 oorde. 
Polee, 51corda.... 
Stone, 710 tons... 

Wire. 27 coiU 

Spikes, 5 kegs... 



Total. 



Construction. 8,281 hours . 
Grading, 878 hours 



Total 

Grand total. 



L27, 
1.47 
1.50 
8.87 
8.12} 



.17 
.17 



405.45 

75.23 

1,065.00 

90.99 

15.62 



t652.28 



*557. 77 
149.26 



•707. 03 



2,459.31 



L 272 cord.. 
0.204oord.. 
2. 840 tons.. 
0.108coU... 
0.020 keg.. 

13. 12 hours 
3. 51 hours 



1.62 
.30 

4.26 
.86 
.06 



6.60 



3.23 
.60 



9.43 



^Including subsistenoe. 
[Spur No. 1, 20,000 cubic feet.] 



Brush, 45 cards . 
Poles, 86 ooixds. . 
Stone, 97 tons... 
Wln.MooUs... 



Total 

Constmetion, 707 hours. 



Grand total 

Cost of entire dike No. 1 . 



1.00 
1.48 
1.06 
8.87 



0.17 



49.05 

125.80 
189.15 
38.70 



397.70 
*120. 19 



617.89 



0. 226 cord . . 
0. 426 cord . . 
0.486 ton.... 
0.050 coil... 



3. 53 hours . 



.25 
.63 
.96 
.17 



2.00 
.61 



2.61 



•Xaduding subsistenoe. 



ENQ90 ^204 
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Estimate of actual cost of tMierialf labor, and suheiMtmeef etc — Continued. 

DIKE Ko. 2. 
[Foot mat No. 2, 290 feet long by 290 feet wlde=84,100 aqntro feetj 



Coet 

per 

unit 



OOBl 



Per 100 eqiMTe or cable 



Item. 



Broflh, 658 oords 

PUe«,141oords 

Stone, 767 tons 

Wlr«s84ooUs 

Cnble^eooUe 

Spikes, e-inob, 4 kegs. 



1.27| 
1.47} 
1.95 
3.87 
42.27 
8.25 
3.121 
5.00 



706.07 

207.97 

1,496.65 

114.68 

253.62 

18.00 

16.68 

6.25 



0.657oord . 
0. 168 cord . 
0.912 ton .. 
0.040 cord . 
0.007 cord . 



O.OUkefc. 
0.001kes. 



Total. 



2,81L77 



Constniotion, 5,630 hours . 
Sailor work, 787 hours .... 



*900.80 
•117.92 



0.69 hoars . 
0. 88 hour . . 



Total 

Grand total.. 



1,018.72 



3,830.49 



*Inoladin£ subsistence. 
[First crib, 812 feet long by 82 feet wide by 8 feet high = 54,272 cubic feet.] 



Brash, 228 oords 

Poles, 100 cords 

Stone, 824 tons 

Wire, 82 ooils 

Cable, 2| coils 

Spikes, 6-inoh, 21 kegs . . 
Spikes, 9-inch, 7| kegs . 



Total. 



Ckmstmctton. 2,686 hours . 
Sailor work, 610 hours . . . . 



Total 

Grand total.. 



L27| 
1.48 
L60 
8.87 
42.27 
3.25 
8.13^ 



290.70 
14a 00 
48&00 
107.84 
105.67 
8.94 
24.22 



1,17L87 



♦429,76 
•97.60 



527.86 



1,69a 78 



0.420oord. 
0. 184 cord . 
0.507 ton .. 
0. 059 cord . 
0. 005 cord . 



0.019 keg. 



4. 95 boars. 
L 12 hours . 



• Including subsistence. 
[Second crib, 170 feet long by 16 feet wide by 8 foot high s 21,760 cubic feet.] 



Brush. 95 cords 

Poles, 52 oorda 

Sione, 119 tons 

Wire, 27 001111 

Cable, li ooils 

Spikes, 6 inch. 1| kegs 

Spikes, 9 inch, 2^ kess 

Spikes, 9 by t inch, li kegs . 



Total. 



Constraction, 1,851 hours . 
Sailor work, 810 hours . ... 



Total 

Grand total. 



1.271 
1.48 
1.95 
a87 
42.27 
3.25 

am 

5.70 



871.55 



121.12 
76.96 

28a 05 
90.00 
6a 40 

aoo 


0.487 cord 

0.289 cord.... 

0.647 ton 

ai24oofl 

aoo7coa 


.56 

.35 
1.07 
.42 
.29 


7.03 






a55 


a005keg 


.09 


60a79 


a?7 




a21 hours.... 
1.42 hours.... 




•2iai6 

*4a60 


.00 
.33 


265.76 


1.22 









* Including subsistence. 
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£9timaU<^ aokuU oof< of maierUU, lobar, ond BubaUtenoe, 0<o.— ^ontinue4. 
DIKB No. 2«-<kmtiiiiMd. 

[Bevetment Vo. % 88,000 tqiittre feet] 



Itam. 


Cost 
per 
unit 


C<Mrt. 


Per 100 sQiiare or eubie 


-^ 


Item. 


Cost. 


Fniih, 826 mmU 


L06 
1.48 
1.96 
8.87 
8.26 
8.121 


864.26 

66.60 
1,266.66 

74.14 
1.62 
9.87 
2.86 


L418coi«U... 
9.]96eord.... 

2. 888 tone 

0.096ooU 


L64 


PoUcflk'tfoorda 


.29 


StOMk 619 t«iiii 


&60 


TVln^niwOi 


.82 






ffiSrf^ftlKfi'"'" '"■■'* ""^ 






BbIIemI 9 br I'lnfih n k«e 


0.017kes 


.06 






T«itel 


1.774.88 


7.71 




.16 
.16 


21.74hoare... 
16.58 hoan... 




<?n4lllfl;ff.060h«Qr«r. rr. r ...... r 


♦800.00 
*666.44 


8.48 




2.58 






ToIbI 


1,893.44 


&06 










QnadtoW - 


8,167.82 


18.77 











* Indladliig enbebtenoe. 
[Spur No. 2, 8,000 onblc feet] 



Ikvi^Timrdf ... t 


LOO 
1.48 
L96 
8.87 


7.68 
14.80 
8L20 

&74 


0.288oonl 

0.883 cord 

0.638 ton 

0.066OOI1 

i'orahoQM"! 


.26 


FttlMilOflarde ... 


.49 


Stone, 16 tone — - 


1.04 


WM^2eoiU 


.22 






TMtl 


60.87 
*82.82 


2.00 




0.16 


1.06 






Gnnil total.. ^ 


92.69 


8.06 










nA«4^ A«MiM-M <I4V« TSTa. < 


9,661.28 













»IiieiiidiBg subeistonoe. 



Caireefflee*,pii]iipiiig,eto.,5,060boiin,etl7eeiits 

CottUiiff FaaKaeiidpfle-diiTer,979boara,etl7oeDto 

Bf niBK deed men, pulling drift, etc, 4fl9 bonrs, st 17 cents. 
Helper for eerpenter, 804 lionr%nt 17 oento 



♦I866L10 
n66L48 
*79,78 
*ffL68 



Total 








1.152.94 


Cost of BubHsienoe. 


1889. 


Ration 
raw. 


Batlon 
ieifod. 


Labor 
aeonred. 


{i|Mrt«mb«r. T r T r 


(hnii. 


CfmUi. 


Omo. 


October —. 


3U 


NiTTemb6r.....Tt....,T. t.. r. ....... ..r. ..,.. 


4M 
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FINANCIAL STATSMENT. 

Greenville iZMoA. 

May 31. 1889. Balance allotment act of August 11, 1838 $33,595.64 

Expended to May 31, 1890, for — 

Labor on constraotion 18,078.22 

Material for construction 10,178.77 

Subsistence 3,806.97 

Cost plant, repairs, and outfit 870. 28 

Care of pnblio property 4, 463. 60 . 

Towage and stei-^mer expenses 2, 002. 70 

Administration and office expciisos 128. 31 

Surveys 582.06 

Miscellaneous 2.25 

30,113.16 

Balance in hand June 30, 1890 3,482.48 

Less liabilities 586.33 

Available balance June 30, 1890 2,896.15 

Amount that can be profitably expended in fiscal year ending June 30, 1892 350, 000« 00 



LAKE BOLIYAB FRONT. 

A special allotment for this -work was made by the river and harbor act of Ane 
11, 1888. The object of the improvement is to stop the caving of the bank in front 
of the large and costly levee across the end of Lake Bolivar, which was being 
threatened by the rapid encroachment of the river. During the latter part of 18SS 
and the beginning of 1889, a part of the bank immediately in fix>nt of this large levee 
was revetted. 

The details of this work are set forth in the annual report of the Chief of Engineers 
for 1889, pages 2704 et acq. 

This work, so far as carried out, was perfectly successful in stopping caving. Be- 
low the work, the bank is still caving rapidlv, and the revetment will probably have 
to be extended down-stream for a considerable distance. 

The operations at Lake Bolivar front during the year ending May 31, 1890, con- 
sisted simply in repairing some of the revetment constructed during tbe previous 
year. Tbe details of tbe work are fully set forth m the following report of Mr. H. 
St. L. Coppde, assistant engineer, who was in local charge of tbe repair work. 

Tbe present condition of the work is unknown, as the river is still too high to per- 
mit an examination to be made. 



REPORT OF MR. H. ST. L. COPPICE, ASSISTANT JENGINBER, ON WORK DONE DURING 
THK YEAR ENDING MAY 31, 1890. 

October 24 I made an examination of the bank of the river in the vicinity of 
Bolivar Landing, Miss., and, but for the need of a little rock, found pretty much the 
entire revetted bank in good shape, except at a point wbere the BoUvar Warehouse 
stood ; also at tbe lower end of the work of 1888. It may be well to state here that 
in that year 4,400 lineal feet of mattress-work and 4,250 feet of revetment was bnilt 
along this front to keep the river from caving into the large levee across Lake 
Bolivar, thus exposing the back country to excessive overflow at high water and 
seriously deranging the regimen of the river in that vicinity. (See report of Chief 
of Engineers, 1^89, page 2704.) 

At the warehouse my examination showed that the old broken-up revetment would 
have to be taken off the bank and the bank graded. Near the lower end of the 
work I found the revetment again badly broken, and reported that little could be 
done there with the small means allowed, but put new revetment on the btaik. in 
places over the old. The mattress-work seemed to be intact all along tbe revetted 
bank to the very end, where it was considerably broken up and where it was pro- 
posed to do the patch-work by sinking u matrress. 
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We werfi troubled at this point agaiu by inability to obtain or keep reliable labor; 
men wonld come to the locality, bnt after working four or five days would leave in 
\BTge numbers, placing operations practically at a standstill. November 1 work 
commenced here and was carried on continuonsly till November 26, with the same 
plant and force of foremen, etc., nsed at Greenville. The rock used in construction 
was obtained from the piles of rock stored at Bolivar in 1888. 

November the IHh, I was instructed to send my steam-boat, the VidaUa, to Ash- 
ton, where more extensive work was in operation, and where, unfortunately, their 
tow-boats were all broken down, thus practically stopping the work of over 500 
men. At the time the river wa§ rising, my mooring barges and mat-boats were in 
place, and a very small part of the lower mat, shown in accompanying map, was 
built. I had hoped to construct and sink the mat before the river reached such a 
height as would make the work dangerous and difficult, bnt owing to the absence of 
the steam-boat, which was detained about a week, the conditions were very unfav- 
orable when the mattress was being completed. 

The mattress was finished and ready to be sunk November 21. It was 244 feet long 
by 240 feet wide. There was 500 feet of drift piled in front of it, 350 feet wide, and 
probably 20 feet deep. This latter proved too great a strain during the process of 
sinking; every line and cable (17 in all) broke, and the mat drifted down the river 
retaining its normal shape, but we were unable to fasten it to the bank at any point. 

As the portion of the bank this mattress was to occupy was to some extent pro- 
tected, and as it was supposed to have been built at low water and extend further 
oat into the river than the old work, and also ou account of the fact that the w^t«r 
was rising above, it was deemed expedient to give up all idea of a mattress at that 
point that seaaon. The other work, consisting of a foot-mat and revetment, is shown 
in accompanying sketch. The foot-mat is 255 feet long by 65 feet wide^ the revet- 
ment 270 feet long by 42 feet wide. The grading was done in the same manner as 
that at Greenville. 

In order to thoroughly protect the lower end of this reach, and make the work per- 
manent, at least halt a mile of the strongest kind of revetment should be placed on 
the bank from the warehouse down the river, and a thorough system of drainage es- 
tablished, if possible, to do anything with the sloughing caused by seep water Arom 
adjacent noles and lakes. The approximate cost of putting this work in good condi- 
tion and extending it as stated, say 2,000 feet down. the river, would be $100,000. 
This would Include adding considerable rock to the revetment completed in 1888. 

The material, with the exception of rock, was obtained from the same source and 
at the same place as for the Greenville Reach. 



Co9t of material, labor, and aubiistence in hvilding mat and revetment at Bolivar, 1889. 
[Deep-water mattress, 235 by 244 feet wide, 57,340 square feet^l 



Items. 



Cost 
per 
unit. 



Total 
cost 



Per ibo square feet. 



Item. 



Cost. 



Brash, 352 cords 
Polee, 83 cords .. 
Stone, 225 yards. 
"Wire, 34 coils... 
Cable, 6|coUs 



Spike«(6.inch).2Jkegs 

Spikes (9-faioh).s{ kegs 

^jkes (9|-iiicb),82keKS 5.70 

Staplesjkeg : 5.00 | 



fl.27i 
1.47^ 
2.30 I 
3.37 

42.27 
3.23 I 
3. 12i 



$443. 80 

122.42 

517. SO 

114.58 

274. 75 

8.12 

7.81 

18.52 

3.75 



1, 5ie. 25 



Coofltrnctioii, 4.292 hours . 
SaOor work, 977 hours 



.17 

.17 



Total 

Grand total/.. 



t729. 64 
tl60. 09 



895.73 



2, 411. 98 



.614 cord'. 
.145coi-fl . 
. 393 yard . 
.059 coil. . 
.011 coil.. 



$0.78 
.21 
.90 
.20 
.47 



.OHkee.. 
.001 keg.. 



.06 
.01 



2.63 



7.49 hours. 
L71 hours. 



1.27 
.29 
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Cost of material, U»bor, and tuhHstenw in Imilding mat, «<c.— Continaed. 
[Ttoot mmt, 256 by 66 feet wide, and reTetment 370 by 42 feet wide, 16,676 + U,9M=:37,916 eqnaie ftet] 



Iteme. 



Cost 
per 

QDit 



Total 



Per 100 eqiuie feet 



Ceet 



Broeh, 178 oorde .. 
Poles, 86 cords.... 
Stone, 861 yardet • 

WiTe,20ooiI« 

Cabled » coils.... 
Spikea,»keg8.... 

8pikes,l\eg: 

gplkeMlkegs.... 
Btaplecikeg 



OonstnietioD, 2,704 honrs 

Sailor work, 104 hours 

Clearing and grading, 4,180 honrs . 



Total 

Grand total.. 



1.47} 
2.30 
8.37 
42.27 
3.26 
8.12i 
5.70 
6.00 



$22&06 
58.10 
1,290.80 
67.40 
01.58 
6.68 
8.12 
9.97 
1.26 



.638oord .. 
.129 cord.. 
2.0nyiffd8. 
. 072 coil . . . 
.aOBeoil... 



.016 keg... 
.001 keg... 



1.749.86 



.17 
.17 
.17 



H74.98 

182.96 

mo. 60 



10.01 honrs. . 

.60 hoar... 

14.96 hours.. 



1,21&66 



2,967.92 



10.81 

.U 

4.6 

.94 

.34 



.07 

"SI? 

1.7Q 
.16 
2.55 



4.4] 
10.68 



* This mat wan lost in sinking, which aooonnte for small 

t Includes subsistence. 

i About 75 yards of this stone used on old revetment 



amount of atooe nsea. 



Care of fleet during whole work, 1,926 hours, at 17 cents $827.42 

Loading 1.810 yards stone on barges, 4,024 hours, at 17 cents 681.08 

Hoving drift during work, 480 hours, at 17 cents 81.66 

Coaling steamer during work, 278 hours, at 17 cents 46.41 

Grinding axes, etc., during work, 166 honrs, at 17 cents 28.22 



Co9t of tubfistenee. 



Batioa, raw.......*. 

Bation, served 

Bation served in proportion to labor secured. 



1,167.78 



|a40 
.46 
.54' 



FIN ANCIAX STATEMXNT. 

May 31. 1890, balance allotment, act of Angost 11, 1888 |47,511.4 

Expended to May 31, 1890 |12,221.77 

Traniif^rred to snryeys, examinations, and inspections, third 

district ^ 4,000.00 

Transferred to surveys, examinations, and inspections, foortb 

district 3,000.00 

Transferred to protection of leyees, fourth district 3, 000. 00 

Transferred to protection of levees, third district 5, 000. 00 



27,221.77 



May 31. 1890, available balance 20,289.72 

Of which in hand 289.72 



InTreasnry. 



20,000.00 



20,289.73 



There are no liabilities. 
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Expenditures apportioned for— 

Lnboron oonstmctlon |3,513.41 

Material for constraotion 3, $227. 15 

SabeiBtence 1,978.43 

Ccbt plant, repairs, and outfit 355.21 

Care of public property 778.09 

Towage and steamer expenses 1,779.17 

Administration and office expenses 96.00 

Surveys : 39W.91 

Medicines and medical attendance 85.00 

Miscellaneous 10.40 

Total 12,221.77 

Amount that can be profitably expended during fiscal year ending 

June 30,1892 100.000.00 



HIGH-WATBR PROTECTION OF LEVEES AND THE FLOOD OF 1890. 

The high stage of the river in January seemed to indicate that an annual flood of 
considerable magnitude would obtain. A natural general curiosity was excited in 
anticipating the effect of the new Arkansas levees. For the first time in a number 
of years a continuous line of levees existed on both sides of the river, and, if as was 
expected, this should prove a flood year, it was of the greatest importance that these 
levees should be held, in order that their effect in scouring out the bed of the river 
might be determined. There seemed to be a general determination to hold the levees, 
if possible, on the part of the Mississippi River Commission, the different State levee 
boards, and the people generally. 

The funds in my hands at this time for levee protection work amounted to 
$18,701.50 only. Since the State levee boards of Mississippi and Louisiana were push- 
ing levee work vigorously, and seemed to have plenty of funds on hand, while noth- 
ing whatever was being done in Arkansas, I thought it best to confine operations to 
the Arkansas line alone. Accordingly, Assistant Engineer Tollinger, wno had been 
engaged for several years on the Arkansas levees, and who was more familiar with 
their then condition than any one else, was sent to make a careful examination of 
the whole line ; to repair and strengthen the weakest parts where danger actually 
existed, so far as the funds would permit ; and to arrange for such thorough inspec- 
tion of the line as might be needed during hig^h water. 

A force of hired teams was put to work raising the large and important Whisky 
Chute and Grand Lake levees which had settled, the former to 5 feet and the latter 
to 3i feet above the high water of 1888. 

Early in March the flood had attained alarming pro]>ortions, and the high stages of 
the Ohio River and its tributaries, from which the flood mainly proceeded, together 
with the persistent and long-continued high water in White River, seemed to threaten 
a flood that would overwhelm the levees and spread general disaster if the most 
heroic efforts were not made to strengthen and raise the levees. Alive to the danger, 
General Comstock, president of the Commission, took prompt steps to have the neo- 
essary funds provided for protection work, and accordingly ^,000 were transferred 
to the protection fund on March 11, 132,000 on March 18, and |27,250 on March 21. 

Before these transfers were made the people of Arkansas, upon the persistent solici- 
tations of United States Assistant Engineer Tollinger, and especially after they real- 
ised the danger threatening them, contributed liberally and worked manfully in 
holding their line. 

Hard and expensive fights were being made bv the board of Mississippi levee 
commissioners, and especially by the board of the fifth Louisiana levee district, 
in holding their respective lines. 

Had it not been for the very energetic and heroic work of the several State levee 
organizations, supplemented by the timely and liberal assistance rendered by the 
General Government, a very considerable portion of the levee line would have been 
breached, and the overflow would have been much more general and disastrous than 
it proved. I do not think it an exaggeration to say that 50 miles of levee in the third 
district would have been overtopped by the flood had not the levees been hurriedly 
raised by topping, or with sacks filled with earth. In some instances the line was 
held by a sack wall, where the water was folly 2 feet higher than the top of the 
levee. 

^ As soon as the transfer of funds for levee protection purposes was made, it was de- 
cided, in the absence of instructions on the matter, that assistance should be given 
wherever needed within the limits of thedistrict, whether on one side of the river ox the 
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other, and withont consideriug whether the levees had been built bjr tbe United BtaieR, 
by the State levee boards, or by private corporations and individuals. The presi- 
dentH of thcHeveral State levre boards and their engineers were seen at once, and told 
that any assistance they might need would be cheerfnllj and piomptlv farnithed. 
' The work in Arkansas^ as had been done before, was continued under diieet Got- 
eniment supervision. 

It was snggested by me that, in continuing tbe work in HissiBsippl and Lonlsiana, 
the State levee organizations should pay for all labor, wnlle the Goverament should 
furnish all material, such as sacks, bagging, lumber, etc., needed to protect the levees. 

This arrangement was agreed t'O, and n>r a time was carried out, but towards tbe 
end of March the funds of the Louisiana board were 00 nearly exhausted that it be- 
came necessary for the Government to assume complete charge of all protection work 
in that State, which was accordingly done, Mr. Henry Goodrich, assistant engineer, 
being placed in immediate charge. 

No assistance in labor was asked for or furnished In Mississippi except at tbe cre- 
vasses, where the work of protecting ends of broken levees was paid for by the United 
States. By agreement thin work was done under the immediate supervision of the 
chief engineer of the Board of Mississippi Levee Commissioners, Mig . William Star- 
ling. 

Detailed accounts of the work done in the third district since January in protect- 
ing the levees from flood ; in ganging the discharge of the river at Wilson's Point, 
La., and at Arkansas City ; in gauging the discharge at the several crevasses ; in es- 
tablishing high- water marks ; in determining the extent of country overflowed ; in 
attempting to close the Offutt Crevasse ; in protecting the ends of broken levees at 
other crevasses, and in removing people and stock from flooded districts are given in 
the following reports of assistants. 

All the data collected respecting the flood is given in these re]>orts, or hi the tables, 
atatements, and drawings following. 

During my absence from the river, in office work at Memphis, the general anper- 
vision of the work of levee protection in the third district was intrusted to Mr. 
Arthur Hider, assistant engineer. His administration of^the work was at all times 
characterized by energy, intelligence, loyalty, and good Judgment. He was ably as- 
sisted by Mr. £. C. Tollinger, assistant engineer in charge of the Arkansas leveea, and 
bv Mr. Henry Goodrich, assistant engineer in charge of the Louisiana leveea, and to 
all these gentlemen the greatest credit is dne. 

During the continuance of the flood I made a number of trios on the river fh>m 
Memphis to Vicksburg. I could not help noticing that the tnMte iJong the river was 
almost completely paralyzed during the ovenftow. The conviction was toroed upon my 
mind that an improvement of tbe river for high- water navigation was quite as im- 
portant and necessary and of vastly more general benefit than an improvement for 
low-water navigation alone. By a high-water improvement I mean such control of 
the flood waters as shall sorely protect the country from overflow and allow bnsinees 
to be carried on along the banks of the river during the whole season of high water. 

This can not be done without the aid of levees, and therefore I regard it auite 
as much the dntv of the General Government to build levees as it is to revet bann at 
build dikes. If levees are not built to restrain the floods and prevent overflow by the 
Government, by the States, or by individuals, it may well be doubted if the Itenefiti 
to be derived from a low-water improvement of the river in the manner now being 
carried out by the Mississippi River Commission will Justify the cost. On the other 
band, if the Government shall aid in building such levees as will give security against 
overflow, there will be a great development of tbe whole Delta country, a large part of 
which is now virgin forest, and the commerce and trade of the river will be wonder- 
fully increased. 

This hope alone can, in my mind, Justify the expenditure of the vast sums of money 
that will be needed to in any way elfectually and surely improve the navigation of 
the river. 

An effort has been made to collect and furnish as full data as possible respecting 
the flood ; but no study or discussion of it has been attempted by me, both for lack 
of time and because, doubtless, a full discussion and report on the flood will b« 
made by the Commission, from tbe information furnished from this and other dis- 
tricts, supplemented by data collected from other sources. 



REPORT OF MR. ARTHUR HIDER, ASSISTANT ENGINEER, ON THE HIOR-WATBR PRO- 
TECTION OF LEVEES AND THE FLOOD OF 1890. 

The steady rise of the river in February, which, at the beginning of the month was 
only 2 feet below the highest recorded water at Greenville, caused apprehensioD 
in regard to the safety of the Arkansas levees. A thorough inspection of tne line wss 
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made, and work done on some of the weakest places. As only a email balance was 
at that time available, but little work coald be done, and this only where the needs 
were most argent. The river rose steadily, nntil, near the end of the month, it had 
reached the highest previously recorded water at Greenville; and the danger of a 
flood became imminent. 

The flood of 189(y. while not reaching the extreme height of previous floods at 
Cairo, has at several points in the third division exceeded the heights of any pre- 
Tioosly recorded high water. 

The fact of a continuous line of levees being in existence on both sides of the river 
for the first time for a number of years, will cause this flood to be classed in the list 
of the great floods, so far as this particalar section is concerned, as the height of the 
water between the leyees, by reason of its being confined, exceeded that of previous 
years, and the orevasces that occurred on both sides of the river when the flood was 
nearly at its maximum, caused a wide-spread and disastrous overflow. 

This flood exceeded in height the floods of 1882, 1884, and 1886 by 2.3 feet at Ar- 
kansas City, 1.7 feet at Greenville, 3.1 feet at Wilson's Point, and 0.1 foot at Yicks- 
borff. 

The limits of the overflow caused by crevasses have been obtained from a recon- 
naissance made of the localities inundated, and are approximately correct. Parties 
were sent out on each side of the river to trace the line of backwater. 

The plantations everywhere, except in a few places located on the highest ridges, 
were entirely submerged, and while a less extent of territory has been overflowed 
than in 1882, the damage to stock and property has been very great, and the lateness 
of the season will prevent, in many oases, the possibility of raising a crop after the 
water subsides. This will lender the actual damage inflicted on the community in 
the overflowed district fully as great as that of any previous flood. 

The limits of the land submerged are given below : 

Eight bank, — ^From the mouth of the Arkansas River the backwater oame close np 
to the levees as far down as Sunnyside, from there to Bedford at the lower end of the 
district, there was a narrow strip of land (except in the vicinity of the Raleigh 
Crevasse) close to the river bank, from 1 to 8 miles wide, which was not submerged. 

The western limits of the overflow extended up the Arkansas River to Millwood, 
croesing the Little Rook, Mississippi River and Texas Railroad abont a mile below 
Varney, and skirting along the upper side of Wells, Choctaw, and Amos bayons ; it 
then crossed Amos Bayou and ran in a southerly direction to Tillar, 18 miles west of 
Arkansas City, thence following the railroad embankment to within 3 miles of Trippe 
Station, thence south along the high ground between Bayou Bartholomew and Boeuf 
River to the Ouachita River, about 15 miles below Monroe. The high ground be- 
tween Bayou Macon and Ba3uf River, from as high up as Lakeport, was not 
overflowed. 

This strip has an average width of 5 miles. 

The counties overflowed in Arkansas were the northeast portion of Lincoln, the 
greater part of Desha, nearly aU Chicot, and a small part at the southeast corner of 
Ashlev County. 

In Louisiana, more than one-half of East and West Carroll, the eastern part of 
Moorhonse and Ouachita, and portions of Richland, Franklin, and Madison Parishes 
were submerged. The country overflowed within the above limits contains 3,050 
square miles. 

Within these boundary lines, 560 square miles of land was high ground above over- 
flow, or about 15^ per cent. 

Left hank, — ^The upper limit of the back water is in the vicinity of the town of 
Bolivar, and from there follows in a southeasterly direction to the Yazoo River. 

Nearly all the ground west of this line was inundated to a depth of from 1 to 6 
feet ; this area embraces the southwest portion of Bolivar County, nearly all of 
Washington County west of the Sunflower River, a small portion of Sunflower 
County, all of Isaquena County, and, with the exception of a strip of land along the 
Louisville, New Orleans and Texas Railroad, all of Sharkey County, that part of 
Warren County which lies west of the Yazoo River, as well as a large portion of 
Yazoo County itself, which is west of the Yazoo River. 

The above territory embraces an area of abont 1,978 square miles, and, except 
about 89 square miles, or about 4.4 per cent, on the highest ridges, was completely 
anbmerged. 

A map showing the limits of the overflow within the district, plate 2, is submitted 
herewith. 

During the months of March and April, the river remained at flood height. 

Snoh portions of the working ))lant as could be used to advantage were employed 
in transporting material to various points in the district, whe*'e most needed for 
atrengthening and raising the levees, giving shelter to overflowed people, and mov- 
ing people and stock to places of safety. 
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Forces wore put on at critical points, and worked in connection with other forces 
employed by the local levee boards. 

The United States steamers Emma Eilieridge, Osoeola^ and Vidalia were pat in serv- 
ice with doable crews, the Osceola being engaged after the 15th of March almost 
entirely on the levees in the fifth Louisiana levee district, the Vidalia at Arkansas 
City, and the' Etheridge in general work along the entire line. The VidaUa broke her 
shaft on March 20, and the B. A. Speed was chartered in her place. The H, M. 
Graham was obtained from the second district. Both these boats were oonatantlj 
employed duringthe emergency of the flood. 

Inspectors were placed aU along the Arkansas front, as it was considered that, on 
acconnt of the low grade and small section of many or these levees, more work wonM 
be needed here than elsewhere, while at the same time the local organiaatioDs in 
this State were not nearly so strong as those in Lonisiana or Mississippi. 

Assistance in the way of material, sacks, lamber, and the nse of plant, to aid in 
raising and strengthening levees, was given to the levee authorities on both aides of 
the river whenever called for, and as promptly as possible. 

In the beginning, the forces of laborers were paid by the local levee boards and 
the work was directed by the inspectors. When the sitnation became more critical and 
the funds of the local boards for protection purposes had been nearly ezhansted, 
these forces on both sides of the river were worked and paid entirely by the United 
States. 

A quarter-boat, to a£ford temporary shelter to overflowed negroes, was left at 
Chicot, Ark., and also one at Skipwith's, Miss., after the break in the levee at tiiat 
point; these were of great service to the people who were overflowed. 

Prompt assistance was rendered by the United States steam -boats in removing 
people and stock to places of safety. 

'Five barges of stock were towed from the vicinity of Mound and Hnntington 
crevasses to Arkansas Post, and some three hundred people who had been over- 
flowed were taken to places of safety, either at Arkansas City or at Arkansas Post. 

The following is a list of the boats employed in levee protection and in giving as> 
sistanoe to people suffering from the overflow : 6 steam-boats, 4 quarter-boats, 7 pile- 
drivers. 12 barges, 1 mat boat, besides 35 skiffs and small flats. 

Ail tne employ^ have shown a commendable interest in the special work in- 
trusted to their charge and have rendered valuable and efficient servioe both to the 
work and also to the general community. 

CRBTA88E& 

The flrst crevasse in the levees occurred March 9, at Sappington, 9 miles aboTe Ar- 
kansas City, and was caused from the water forcing itself through the levee near the 
base. 

From the best information obtainable, the crevasses at Catfish Point, Eaaton or 
Mound, Huntington, Oifntt^s, and Skipwith's, in Mississippi, and that at Raleigh, La., 
happened in a similar manner. 

The long continued pressure of water against the levees caused them to become 
thoroughly saturated, and the porous material which constitutes, in a great many 
instances, the foundation of these levees, aided by the location of borrow pita and 
side ditches near the base, permitted the percolation of water through the levees si 
and below the natural surface of the ground, thus allowing the hydrostatic preasnro 
caused by the head of water in front to be transmitted to the land side beyond tbe 
base, causing an upheaval of tbe ground and permitting a flow of water throa^^h & 
under the levee, thus causing a break. 

The crevasses in Opossum Fork Levee, between Boggy and Amos Bayooa, Fnrgn* 
son's, 2 miles above Chicot, near Chicot, 2 miles above Arkansas City, and at Lnn^ 
Ark., were from settlement of the levee, due to saturation and imperfect fonndationa, 
as shown by longitudinal cracks, which appeared first in the orown of the levee, fol- 
lowed by a sloughing off of part of the back slope. 

This sloughing continued until the section of levee itself had become too weak to 
resist the pressure of water against the front, and the levee broke. 

The breaks in the levees around Point Chicot occurred on March 5 and 6, when the 
river was 1.8 feet below its highest point, and were caused by insufficient height. 

The break in the Leeiand Loop Levee, below Columbia, took place daring a storm, 
and was from insufficient section, as well as height. 

The Opossum Fork Levee, where it is crossed oy Boggy Bayou, was purpooely cut 
by parties living above under the impression that it woald afford relief to theim'&om 
the back-water. 

The remedy to prevent a recnrrence of these disasters in the fntnie saggests itself: 

"^ \ greater height of embankment. 

. uurger section. . 



Sii 
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(3) More care in seleotion of material and in details of construction of the founda- 
tion. ' 

(4) The additions of a berm on the land side, where the material is porous, to ^ive 
the neoesaary weight and stability to counteract the water pressure from the river 
side. 

The Offhtt's ereyasse, which occurred on March 18, was the first break in the Mis- 
aiasippi levees. 

As instructed by yon, on March 21 a force was organized, material procured, four 
pile-driversput in service, and work begun on the 23d in driving piles to close the 
erevasse. Tne plan was to drive a double row of piles across the break about 5 feet 
apart, the distance between the rows of piles to be one and one half times the depth 
of water, sheet piling 2 by 6 inches to be driven in firont. 

It was intended to use brush to prevent scour in front, and, behind the sheet piling 
between the vows of piles, to fiU up solidly with sacks of earth. 

The depth of water was from 7 to 14 feet. The work was well under way, with the 
promise of a successful termination, when, on the night of the 27th, the crevasses at 
Huntington and Mound occurred. 

The back water rose so rapidly from these breaks that it was evident that the 
eloeure of this crevasse would do little/ good toward preventing an overflow. The 
work was abandoned on the 29th and the plant moved elsewhere, after some 40 piles 
had been driven in place. 

To prevent the crevasses from widening various plans were tried at different locali* 
ties. 

(1) Revettinff the ends of the levees by stringing sacks filled with earth around the 
end of the broken levee, thus protecting the end Horn further scour. 

(2) Making and sinking a pliable willow mattress along the outside, above the 
broken end, which, as the levee caved back, was wrapped around the exposed end by 
the aotion of the current. 

(3) By building out a dike of brush and sacks or piles and brush above the broken 
end to deflect the rapid current flowing along the base of the levee and direct it 
through the gap more nearly perpendicular, and thus relieve the broken ends fVom 
the scouring aotion of the water. 

The first plan, that of revetting with sacks of earth, failed in every instance in 
which it was tried, the end of the levee being constantly uudermined while the work 
was being done, and notwithstanding constant renewals in not a single instance was 
any satisfactory or permanent result accomplished. 

For a high Icrvee, where the de^th of the water flowing through is over 4 or 5 feet, 
this plan is not recommended, as it was given a fair trialin a number of instances. 

The method of protecting the ends with a pliable willow mattress was tried at the 
Baleigh break, and. after repeated failures of the sack revetment method, at the up- 
per end of the Skipwith break also. This plan was successful at the upper end of the 
Kaleigh break, but required constant work and additions from day to day, as the 
sooor along the base of the levee kept underminiug the mat. At the lower end of 
the crevasse the mattress failed to hold the end ; after the caving had extended down 
to the mat the undermining of the levee continued, and the result was that a great 
deal of extra work became necessary to prevent the crevasse widening. 

At Skipwith's, after the mat had been sunk in place, from the experience at Raleigh 
it was thought advisable to supplement it by building a dike, Jutting out fix>m the 
levee, to stop the current flowing along the base. 

Wherever dikes were used to deflect the water from the base of the levee the re- 
sults were quite satisfactory, and after our unfavorable experience with the sack 
xevetment (the plan heretofore usually followed) for protecting, the ends of broken 
levees dikes were used. 

These dikes were constructed in various ways, depending upon the locality, thedif- 
fioulty of getting barges or pile-drivers to the crevasses, tne kind of material availa- 
ble, or the particular locality suggesting difference in the details. 

The obiect sought to be obtained was to stop the scour caused by the rapid cur- 
rent flowing along the base of the levee, and thus preventing the undermining and 
oaving *way of the ends. 

A description, giving the details of the different constructions used, is given be- 
low. 

Xtma Crec4U9e, — In front of this crevasse was a growth of heavy timber which pre- 
cluded the possibiUty of getting a pile-driver to the break. A number of large ti«es, 
elose to and in front of the levee, were utilized in lieu of piles. 

These were connected with wire cables, fastened around and leading from tree to 
tree ; the cables were stretched at different heights above the ground, ana against these 
cables brush was floated ; this lodging against the cables and trees, formed a brush 
dike, deadening the current sufficiently to allow the buUding out of a dike made of 
sacks of earth immediately below the brush. 

Iftoie brush was then added, and when flnished there was oonstructed a solid dike 
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of Backs of earth, the front of which was protected with hrnsh and small treee to 
prevent scour. 

The dike was abont 18 feet wide, and extended out from the levee about 70 feet, 
shielding abont 100 feet of the levee below the dike^ and directing the flow throogb 
the crevasse nearly at right angles to the levee, stopping the undermining and con- 
sequently further*^ caving of the broken end of the levee. The same method wa<» 
applied to the lower end. The result was entirely satisfactory, and no farther work 
was needed. 

Columbia Break. — This dike was made of a single row of pile-s driven from 15 to 20 
feet . in' the ground, and spaced about 5 feet apart. The scarcity of brash in the 
vicinity and the lack of barges and towing facilities rendered some other plan ad- 
visable. Cypress plank 2 inches thick, and from 12 to 16 feet long, were spiked 
together, forming shutters about 10 by 16 feet. These were placed against tbt^ 
front of the row of piles, shutting off the flow sufficiently to allow the building of s 
solid dike of sacks of earth immediately below. Afterwards it was found neceasarr 
to float brush against the upper side to prevent scour alo^g the front, and e^peciaJIv 
at the outer end of the piles. 

The lower end of this crevasse was treated in the same manner; resalt, complete 
success. 

Skiptrith'a Crev€t8ae.'—The lower end of this crevasse was secured by a dike bailt of 
sheet piles, driven by hand, re-enforced with sacks of earth. To protect the upper 
end a revetment of sacks around the broken end was repeatedly tf led, but was a» 
often undermined and carried away. A dike built oat from the levee, composed of 
brush and filled sacks was then attempted ; tbe first was scoured out and a second 
one constructed, but it was found impossible to carry the dike so built far enough 
out from the base of the levee on account of the depth of water, 27 feet, caused by 
scour through the borrow pits located close to the base of the levee, to be of any 
service in deflecting the current. 

In a few days this second dike was nndermined and carried away. Recourse wa§ 
then had to a mattress. This was built of small-sized willows on a mattress bar^e 
about 50 feet above the broken end of tbe levee. Instead of weaving poles, and so a^ 
to render the mat more pliable, | inch cotton rope was used to bind the willows 
together; sacks of earth in tiers were fastened on the mat to sink it, and the mat 
launched into the water, the current sinking it and holding it against the slope of the 
levee. As the levee caved back the mat swung argund against the broken end, and 
afforded a partial protection against scour. 

As the current along the slope of the levee was very swift, and the experiences 
elsewhere of mattresses not being entirely satisfactory, it was deemed advisable, t^i 
render the work entirely safe, to supplement it with a dike. A dike of piles and 
board shutters, similar to that built below Columbia, was put in, and no farther cav- 
ing took place. At the Sappington Crev asse the dikes were constructed of sacks of 
earth and rock and wore successful in holding the ends of the broken levee. 

Furguson Crevasse, — ^The north end was protected by a dike of sacks filled with 
earth, the south end by a dike of piles and a screen mat iu frout of the piles to deaden 
the current. • 

BrooVs Field Crevasse — Opossum Fork Levee. — North end protected with dikes of 
sacks, south end revetted three times and each time the revetment was washed oat 

Crevasse between Arkansas City and Chicot. — North end protected with dike of tim- 
ber, filled in with sacks extendiiig out from the levee about 40 feet. Three dikes of 
sacks built at tbe lower end washed away. 

Chicot Crevasse. — Ends protected with dike of piles, sacks of earth, and brush. 

Crevasse at Catfish Point. — Ends protected by dike of piles, sacks of earth, and brush. 

Crevasse at Mound. — Ends protected by dikes of piles, sacks of earth, and brash. 

Opossum Fork Levee at Boggy Bayou, — Ends protected by felling trees and bailding 
dike of sacks filled with earth. 

At Huntington. — The breaks on the lower side of Catfish Point and the small break 
above Greenville, nothing was done to protect the ends, as, except on the lower side 
of Catfish Point, where the breaks were dae to the backwater from the Catfish cr^ 
vasse flowing across tbe point and overtopping the levee, little caving back of tbe 
ends took place after the breaks happened. 

At OffutVs. — The sack revetment was given a number of trials and in each case was 
undermined and carried away. 

At Raleigh Cre»a«8e.— The ends were protected by mattresses with only partial suc- 
cess, as much additional work was required. From the experience of this seasonV 
work it has been demonstrated that the method of revetting the ends of broken levees 
with sacks of earth is not applicable where the oarrent is swift and the water flow- 
ing through the crevasse deep. 

Of the other two plans tried, that of revetting the broken ends with a willow mat* 
tress, or building dikes to defiect and direct the current through the orerasse, the 
mattress was found to be the most expensive and required constant care and contin- 



APPENDIX WW — REPORT OP MISSISSIPPI RIVER COMMISSION, 3261 

nal work to keep up, while the dike method, in every infitance where tried, proved a 
saccess. 

The heights of the old levees, contiguous to the crevasses with an arpproximate 
estimate of the cost of closing the gaps to the new grade, is given in the following 
statement : 

For levee protection purposes a large amount of material was used. The principal 
items are given below. 

There remains on hand about 71,000 sacks, which were purchased but not used. 

Sacks expended 440,000 

Lumber , - feet.. 470,046 

Twine pounds.. 2,520 

Bagging yards.. 35,700 

The labor cost of the forces was : 



MoDth. 


Pay-roll. 


Subdatenoe. 


Total 


Febraazy, 1890 


$1,890.87 
24. 460. 61 
17, 267. 04 


$77.44 
2, 614. 18 
1. 312. 40 


$1,467.81 
27,074.74 
18, 579. 44 


liaroli«U90 


April, 18B0 






Total 


43,118.02 


4,003.97 


47, 12L 90 







Approximate cost of closing orevasseSf third districty 1890. 



Loeatum of leveeo. 



Old grade. 

t 



New grade. 



S 



Cable 
yards. 



m 



side, 



CfttflahPoiotkMiss... 
Catfish PolDt, (lower 

smaUbreaks) 

Sastcn'a or Hoand, Mias 

Huntington, Miaa 

Ofiixtt's 

Small break above Greenville. 

SkipwlthV Miaa 

Small bre*k Point Chloot, Ark. 

Sappln8:ton, Ark 

One mile above Lnnat Ark . . . 
Two milee above Arkansas 

City,Ark 

Chloot. Ark , 

Fergnaon's (9 miles above 

Cbtoot) 

BogiTf BayoQ (opposite Tork, 

One mU« below (3olambia, 
Ark 

Brooksfleld (opposite Fork), 
Ark 

Raleigh. La 



Feet 
10.0 

14.0 
14.0 
14.0 
13.0 



16.3 
6.0 
10.0 
18.0 

ao 

10.0 

12.0 

57.0 

10.0 

12.0 
12.0 



Feet. 
10.6 

10.2 
12.0 
9.9 
10.1 



Feet 

3. 2 above 1882 

3.0 above 1882 
3.0 above 1882 
5.0 above 1888. 
3.0 above 1888. 



8.4 
4.0 
8.0 
12.0 

7.0 
8.0 

10.0 

25.0 

0.0 

8.0 
10.0 



5.0 above 1888 
0. above 188«. 
5.0 above 1888. 
3.0 above 1888. 

4.0 above 1888. 
5.0 above 1888. 

5.0 above 1888. 

5.0 above 1888. 

3.0 above 1888. 

5.0 above 1888. 
5.0 above 1888. 



Feet 

3.0 above old 

3. 8 above 1890 
3. 8 above old . 
8. 8 above old . 
3. above old . 
3.0 above 1800. 
3. 6 above old . 
3. above old . 
3. above old . 
5. above old . 

3. above old . 
3. above old . 

3. above old . 

3. above old . 

6. above old . 

3. above old . 
3. above old . 



7,615 



400 
250 

850 

300 

650 

700 
6,000 



267,940 



3.528 


90.300 


5,000 


251, 570 


3,000 


85, 570 


3,000 


74,690 


300 


5,960 


4,500 


141,730 


4,000 


37,920 


650 


19. 136 


2,000 


58,880 



11,776 
7,365 

10,800 

30.000 

19. 186 

20.608 
176.640 



$63,588 

18.060 
50.314 
27,114 
14,938 
1,192 
29,146 
7,684 
8,827 
11, 776 

2,355 

1.473 

2,061 

6,000 

3,827 

4,121 
35,328 



Total. 



1,813,580 



262,704 



NOTS.— (Quantities for Mississippi obtained from chief of engineer Levee Board, and provide for 
new levees on permanent location as proposed to bH built For Arkansas and Louisiana tne estimate 
is made for loops or for closing the gaps on the old line. 

DISCHARGE. 



The maximam river discharge was iiieasnred at Wilson's Point, La., on Jaly 3, 4, 
and 5, 1889, by Assistant Engineer ToUinger. 

In 1890, from January 24 to May 7, a party was engaged at Wilson's Point, La., 
measuring the river discharge, under the direction of F. P. Spalding, surveyor, and 
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alBO* the Skipwith's creyaase, after it took place ; sixty-eight oomplete riTer dis- 
charges and ten^f the Skip with erevasse were obtained. 

* At Arkansas City another ganging party was stationed dnring the time of highest 
water nnderthe direction of Asststont Engineer J.J. Hoopes. Fonrteen complete 
river discharges were obtained between March 14 and April 15 and a nomber of 
measurements of the different crevasses. 

The water flowing into Lake Chicot through the Point Chicot breaks and Columbia 
and Lnna crevasses was measured by Inspector A. F. Kilpatrick. The crevaase at 
Raleigh was measured on April 12 by Assistant Engineer Goodrich. 

The results of these measurements are giyen in the reports of the ohiefe of parties 
submitted herewith. 

The observed discharge, gauge, mean velocity curves, and a discharge curve found 
by adding the crevasse measurement to the observed discharge, to show the volume 
that would have passed both Arkansas City and Wilson's Point had the levees xe- 
mained intact. 

Plates 3 and 4 are submitted as part of this report. 

ARKANSAS CITT DISCHAFGB. 

The measurements of the flow passing between Arkansas City and the higher 
ground on the west at station Trippe, on the Little Bock, Mississippi Ri^er and Texas 
Kailroad, was obtained as a check on the crevasse measurements on the right bank, 
which are all over, and within a few miles of the discharge section at Arkansas Citj. 

By comparison with the crevasse measurements, it appears that part of the river 
discnarge from the Arkansas River, when at its flood, flows around the end of Opos- 
sum Fork levee beyond Amos Bayou, and passes down through the low sround be- 
tween Arkansas City and Trippe ; the excess of this measured flow over wn»t poured 
through the crevasses varied from 29,000 to 41,000 cubic feet. 

A comparison of these measurements is given below : 

[In thousands of onbic feet] 





MsMnrement 






» 


Heasorement 








croTMses 


Tolnme be- 








▼olnme be* 




Date. 


RB. above 


tween Arkan- 


Difference. 


Date. 


B. B. above 


tween Arkaa- 


DUbmiM. 




Arkansas 


sas City and 






A^rkansftd 


aas City and 






City. 


Trippe. 






City. 


Trippe. 




Apr. 8 


Ill 


140 


20 


Apr. 12 


110 


145 


ss 


9 


120 


146 


26 


13 


106 


148 


97 


10 


117 


148 


81 


14 


104 


142 


48 


11 


114 


14« 


32 


16 

1 


99 


140 


41 



The measurement of the crevasses on both sides of the river above the discharge 
section, increased by the additional water flowine between Arkansas City and Trippe, 
as shown above, has been added to the river discharge, to obtain the volume of 
water that would have passed Arkansas City, had the levees beea of sufficient hei^t 
to restrain the flood and no crevasses occurred. 

An addition of 30,000 cubic feet has also been made to the observations prior to 
April 8, as the river was as high then as when the Arkansas City to Trippe gaugings 
were obtained, to account for the flow around the end of Opossum Fork levee. 

Besides the river and crevasse discharges there have been plotted the hydrogr^h 
at Arkansas City, the difference in slope between Rosedale, 40 miles above^ «nd 
Greenville, 40^ miles below, compared with Arkansas City (Plate 3). 

The volume of water passing through the crevasses was obtained graphioaUy, by 
plotting the observed discharges on the days they were measured, and reading off 
from the diagram the discharge for the particular day when the river dischuge was 
taken. 

The unusually large discharge on April 19 was evidently due to the crevasse 
atOffutt's, 7 miles below Arkansas City, which occurred at 4 p. m. on the 18th, and the 
Luna break, 28.5 miles below, that took place at6 a. m. the same day ; these breaks 
had the effect of causing a fall at Arkansas City while the river was at the same 
time rapidly rising above, causing a steepening of the slope immediately above, and 
also below the discharge section. This is shown by a sudden increase of ^ope of 0.4 
feet between Arkansas City and Greenville, and 0.1 foot between Arkansas City and 
Bosedale. 

The second large discharge, April 2, was due to the Huntington crevasse, on the 
left bank, ^ mile, and the Mound break, 3 miles above. Both of these occurred Maroli 
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28, and on April 2 were discharging nearly their maximum, the sadden depletion 
from the main river causing an increased slope aboye the discharge section. 

The falling off of the main river discharge April 2-11 was due to the large crevasse 
in the levee on the upper side of Catfish Point, 16 miles above. This break occurred 
April 4 and widened very rapidly. 

The sadden depletion from the main channel at this point necessarily caused a flat- 
tening of the dope between here and the discharge section, which, combined with 
the discharge of the other crevasses, required an interval of some days for the former 
conditions of slope to re-adjust themselves. 

The large discharge on April 13 was due to the rectification of conditions previously 
existing before the wrge crevasse on the upper side of Catfish Point took place, aided , 
by the return flow on the lower side of Catfish Point Peninsula, 7 miles above Arkan- 
sas City, of over 110,000 cubic feet per second. 

The result of these observations indicate that the maximum river discharge (in- 
cluding the Sappington break) that the levees at their present height, under same 
condition of slope, would be expected to pass at this point is about 1,300,000 cubic 
feet per second. 

The maximum discharge found by including all crevasse measurements was 1,721,000 
cubic feet, leaving 421,000 cubic feet, or one-third the entire river discharges to be 
provided for by additional heights of levees. 

A comparison of the observed river discharges at Arkansas City and Wilson's Point 
is given below. The crevasses between the two discharge sections have been taken 
into account, and the observation at the upper station compared with that taken the 
day following at the lower station, when a discharge was measured on that day. 

[In thoneanda of oubic feet per second.] 



Bate. 



WiIion*8 Point. 



River 
district. 



CreTMses 
measure- 
ment. 



Total. 



Arkansas Oity. 



Date. 



RiTer 
district. 



Differ- 
enoe. 



Mar. 15 
20 
25 
28 
28 
31. 
81 

Apr. S. 
5. 
8. 
10. 
12. 
U 
15 



1,221 
1,166 
1,254 
1,216 
1,216 
1,199 
1,199 
1,210 
1,144 
1,135 
1,118 
1,152 
1,004 
1,112 



7 

40 

88 

54 

54 

99 

09 

120 

133 

120 

119 

101 

92 



1,228 
1,206 
1,292 
1,270 
1,270 
1,208 
1,298 
1,830 
1,277 
1,255 
1,237 
1,253 
1.186 
1,211 



Mar. 



30 
81 
Apr. 2 
4 
7 
9 
11 
18 
15 



1,186 
1,418 
1,220 
1,228 
1,223 
1,250 
1,272 
1,389 
1,221 
1.187 
1,220 
1,199 
1,335 
1,283 



+ 42 
—212 
+ 72 
+ 48 
+ 47 
+ 48 
+ 26 

— 9 
+ 56 
+ 68 
+ 17 
+ 54 
—149 

— 72 



The increased discharge at Wilson's Point over that at Arkansas City is due to the 
Saleigh Crevasse, 34 miles below, which took place on March 15, and in a few days 
widened to 3,000 feet in width, and the Skip with break, one-half mile above the dis- 
charge section, which occurred March 26 : the effect of the former was to increase the 
slope below the discharge section, and or the latter, by the sudden depletion, tempo- 
rarily to increase the slope above. 

During the time covered by the Arkansas City observations the effects of the cre- 
vasses constantly occurring in the vicinity had also a tendency to decrease the river 
discharge at that station, except on the dates before referred to, as explained above. 

WILSON'S POINT DISCHARGE. 



The river discharge, and discharge through crevasses between Wilson's Point and 
Arkansas City, hydrograph at Wilson's Point, difference of slope between Wilson's 
Point and Qreenville, 52^ miles above, and Duvall's, 38 miles below, compared with 
Wilson's Pointy have been plotted. (Plate 4.) 

The maximum river discharge found at Wilson's Point, 1,290,000 cubic feet per 
second, was on March 11, while the levees were practically intact, as no breaks had 
then occurred that would affect the discharge. On March 11 the river was 0.5 foot 
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below the highest Btage reached four days afterwards, and 2.6 feet aboTe any previ- 
ously record^ high water. At the ti me the maximnm liyer discharees wete obtained 
the water was within a few inches of the tops of the levees, which in many places 
had been raised temporarily with filled sacks from 1 to 3 feet. 

Gauge-readings of the permanent gauges and of temporary gauges kept by theleyee 
board are given below. 

aiGH-WATBB MARKS. 

A complete set of high-water marks have been made on trees or other permanent 
bbjects at distance of a mile or leas apart, for the purpose of determining the high- 
water slope and as a reference for future heights of levees. Ttiese have been marked 
on both sides of the river through the entire length of the district. 

In Louisiana the flood heights were marked under the direction of the fifth district 
levee board ; in Mississippi, from the upper end of the district to Brunswick, by the 
Mississippi levee board ; below Brunswick to Warrenton, and in ArkaoBas, the high- 
water marks were made by our own forces. 

These are now being connected with permanent benches as rapidly as possible. 

Profiles of the levees on both sides of the river, showing the relation between maxi- 
mum flood heights and heights of levees, are submitted herewith. (Plates 5 and 6.) 

The information as to the Mississippi levees, shown on the profile, was furnished by 
the Chief Engineer, who states : 

**The grades of our levees in 1880 were taken from a line of levels run in 1882, pre- 
vious to the repairs of the breaks of that year, with corrections for construction be- 
tween ISSO and 1882, and the grades of 1&90 from recent observations. Grades are 
referred to Memphis datum, and also to the high water of 1882, so far aa known. 
The high-water marks of that year, however, were taken wittiont much precision, 
and at very irregular, and sometimes long intervals, and are frequently involved in 
much obscurity. It will be remembered that our grades are only refened to 1882 in 
those parte of the upper end of our district where it was the highest water; in other 
parts, even of the upper end, 1886 was higher than 1882, and was hence adopted as 
the standard. Below Mound Landing, 1880 was taken as the' standard, because it 
was confined between levees and without crevasses; 1888 difiered from 1882 by very 
diverse figures, being at some portions of the confined reach equal to 1882, and at 
others below it." 

The crevasses in 1890 all occurred in State levees, and in 1880 the line was com- 
plete ; no crevasses took place that year. 

The data for the Arkansas levees have been obtained from proTious surveys made by 
the United States, and from surveys and examinations made the present season. 

None of the crevasbes occurred iu levees built by the United St-ates except the Co- 
lumbia break; this was caused by the water overtopping the levee. The Opossum 
Fork Levee, where it crosses Boggy Bayou, was maliciously cut. 

All the levees where breaks took place have been added to and strengthened by 
the United States at diflereut times, but none of them were originally constructed 
by the Government. 

The length of the line irom the end of Opossum Fork Levee to the State line is 90 
miles. 

The gaps and breaks in this line in 1880 were from— 

Feet. 

Amos Bayou to Arkansas City 17,200 

Arkansas City to Linwood 20,840 

Linwood to State line 56,610 

94,650 
Or 17.9 miles. 

In Louisiana the elevations of the high water of 1890, height of present levee, 
and natural surface at distance of about 5 miles apart, are shown on the profile. 

This is all the reliable information at present available. 

The Raleigh Crevasse occurred in a State levee which had been recently constrocted. 
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Gauge-readings of high water of 1890, third district, improvement Miseiseippi Biver,fr&m 
February 1 to May 10, 1B90. 



l>ato. 



ArkAD- 

sMCntj, 

Ark. 



Feb. 1. 

2 

3 

4 

6 

6 

7. 

8 

9. 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21. 

n 

23 
24. 
26. 
26 
27. 
28. 
Mar. 1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
16. 
16. 
17. 
18 
19. 
20 
21. 
22. 



Feet 
46.10 
45.80 
45.40 
46.60 
45.60 
45.80 
46.00 
46.10 
46.10 
40.10 
46.00 
45.90 
45.90 
45.90 
45.90 
45.00 
45.90 
45.90 
46.00 
46.10 
46l30 
46.40 
46.40 
46.40 
46.45 
40.40 
46.30 
46.20 
46.20 
46.30 
46.30 
46.50 
46.70 
46.90 
47.20 
47.30 
47.50 
47.40 
47.60 
47.80 
47.90 
48.00 
48.20 
48.40 
4a 60 
48.70 
48.70 
48.70 
4a 80 
4a 80 



6re«n- 
vUl©, 
Misft. 



Feet. 
39.70 
89.96 
40.20 
40.40 
40.60 
40.80 
4L10 
41.20 
41.25 
41.20 
41.15 
41.06 
4L05 
41.06 
41.05 
41.06 
41.06 
41.10 
41.20 
41.30 
41.40 
4L65 
41.55 
41.5.') 
41.55 
41.55 
41.55 
41r45 
41.35 
41.87 
41.43 
41.55 
41.75 
41.85 
42.20 
42.40 
42.51 
42.61 
42.60 
42.85 
43.00 
43.03 
43.18 
4a 35 
43.45 
43.40 
43.10 
43.10 
43.15 
43.20 



Provi- 
dence, 



Feet 
80.50 
86.82 
87.16 
87.40 
87.57 
87.80 
38.22 
88.80 
8a48 
88.62 
88.87 
88.60 
38.70 
8a70 
8a70 
8a 78 
8a77 
8a85 
8a 93 
89.00 
39.13 
89.28 
39.35 
89.42 
39.47 
30.50 
89 57 
39.50 
89.40 
89.40 
39.45 
89.54 
80; 64 
39.8^2 
40.00 
40.19 
40.34 
40.46 
40.60 
40.76 
40.90 
40.02 
41.05 
40.84 
40.67 
40.55 
40.40 
40.25 
40.23 
40.27 



TlckA. 
barg, 
HiBS. 



Feet 
42.00 
42.40 
42.80 
4a 00 
4a SO 
48.60 
4a 90 
44.20 
44.49 
44.60 
44.70 
44.80 
44 M> 
46.00 
46.10 
45.20 
45.20 
46.25 
45.36 
46.46 
45.50 
45.60 
4a 70 
45.80 
45' 90 
46.05 

4a 13 

4a 26 
4a 30 
46.20 
4a 80 
4a 86 
4a 40 
46.45 
46.60 
46.70 
4a 85 
46.95 
47.10 
47.80 
47.75 
47.80 
47.96 
47.70 
46.65 
47.50 
47.40 
47.20 
47.10 
47.05 



Dote. 



Arkan- 

sasCity, 
Ark. 



Kv.23 

24 

26 

26 

27 

28 

99 

30 

31 

Apr. 1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

34 

15 

16 .... 

17 

18 

10 .... 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

May 1 

z'.'.'.'.'. 

4 

5 

6 

7 

8 

9 

10 



Feet 
4a 80 
48.90 
4a 00 
49.20 
4a 30 

4a 00 

48.80 
4a 60 
4a 50 
4a 60 
48.40 
48.40 

4a 00 

47.80 
47.80 
47.80 
47.80 
47.80 
47.80 
47.70 
47.70 
47.60 
47.60 
47.50 
47.50 
47.50 
47.50 
47.40 
47.40 
47.40 
47.40 
47.40 
47.30 
47.00 
4a 70 
46.40 
46.10 
45.90 
45.70 
4a CO 
45.60 
45.60 
4a 50 
46.40 
4a 30 
45.10 
44.90 
44.70 
44.50 



Green- 
ville. 
Misii. 



Feet 
43.17 
4a 28 
4a 29 
48.36 
43.41 
4a 25 
42.96 
4a 86 
42.83 
4a 75 
4a 68 
4a 75 
4a 48 
4a 24 

4a 18 
4a 15 
4a 16 

42.15 

4a 10 
4a 10 
4a 10 

4a 07 
42.00 
41.95 
41.93 
41.90 
41.85 
41. 8J 
41. 82 
41.82 
41.87 
41.81 
41.82 
41.50 
41.30 
41.00 
4a 68 
40.45 
40.30 
4a 20 
40.10 
40.15 
40.00 
4a 00 
3a 86 
3a 70 
3a55 
39.35 
3ai5 



Lake 
Provi- 
dence, 
La. 



Feet 
40.20 
40.22 
40.25 
40.10 

4a 00 

39.90 
39.75 
39.60 

saoo 
saoo 

3a45 
8a 57 
3a40 
89.80 
3a 30 
8a80 
89.80 
89.80 
89.80 
39.30 
38.30 
39.36 
39.30 
39.25 
39.30 
3a 30 
3a 25 
3a 27 
30.82 
3a 36 
39.83 
3a 30 
39.40 
8a27 
3a05 

saoo 

38.70 
88.62 
88.40 
38.25 
3a 15 
3a]6 
3a 05 
88.00 
37.87 
87.85 
37.70 
37.68 
37.46 



Vloka- 
bnrgt 



Feet. 
47.00 
4a 90 
46.90 
4a 90 
46.80 
46.70 
46.55 
46.50 
4a 40 
46.46 
4a 46 
46.60 
46.70 
4a 80 
4a 00 
47.10 
47.26 
47.40 
47.66 
47.70 
47.86 
47.05 
4a 10 
48.20 
4a 30 
4a 50 
48.65 
48.60 
48.70 
4a 70 
4a 80 
48.95 
4a 05 

4a 10 

49.10 
4a 05 

4a 00 
48. as 

4a 70 
4a 60 
4a 86 
48.26 
4a 26 
48.10 
48.00 
47.80 
47.60 
47.40 
47.30 



[Memphia datnm.] 



Date. 


Boae- 
dale, 


Du- 
Talln, 
Miss. 


Date. 


Rose- 
dale. 
Miss. 


I>n. 

vails. 
Miss. 


Bate. 


Rose- 
dale. 
Miss. 


Dn. 

valla. 
Hiss. 


iMT^r^ 5-__ 


Feet 


Feet 
108.90 
109.00 
109.00 
109.26 
109.46 
109.60 
109.70 
109.70 
109.95 

iiaio 
iiai6 

109.80 
109.50 
109.35 

ioa20 

109.00 


Har.21 


Feet 
163.93 
163.98 
164.03 
164.18 
164. 3» 
164.68 
164.78 
164.88 
164.98 
164.98 


Feet 

loaoo 

108.00 

loaoo 
ioa85 

108.86 
]0a76 

ioa75 
ioa56 
ioa46 
loaso 
ioa26 
loaso 
ioa25 
ioa20 
ioa2o 
ioa2o 


Aor. 6 :.. 


Feet. 


Feet. 
10a20 




161.68 
161.88 
16a 08 
162.18 
162.18 
16a 28 
16a 48 
16a 58 
16a 78 
162.98 
168.18 
16a 38 
16a 58 
16a 68 
16a 78 


22 


^ 7;::;::::. 




10a35 


7 


23 

a4 


8 . . 




108.86 


g 


9 




ioa36 





25 


10 




108.35 


10 


26 


11 




10a85 


11 


27 - .. 


12 




108.40 


13, 


28 


14 




10a45 


18 


29 


16 




108.40 


14 


30 

31 


17 




loaeo 


15 


22 




10a 50 


16 


Anr. 1 





34 




10a 60 


17 






28 




10a 80 


18 






29 




108.15 


19 






30 




loaoo 


20 





















BWG 90—205 
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RBPOBT OF MR. E. C. TOLLIKGK|l, AS8IBTANT KKOINEBR, OK THB HIGH-WATER PRO- 
TEGTION OF LEVEES AND THE FLOOD OF 1690. 

The following report of the care and protection of the levees of the Tensas Basin 
Front^ Arkansas, and of the overflowed portions of Desha and Chioot oonntiea, is re- 
BpectfoUy submitted : 

These levees were bailt by the State of Louisiana, its district boards^ levee boards 
of Arkansas, railroad corporations, the United States Goveminent, and i^rivate sub- 
scriptions. They have been built from time to time, without any established grade 
or proper oare given to their foundations, selection of materiu, or crosa-aection. 
These have been enlarged and raised on old railroad embankments and private levees, 
without a thorough examination of the old structures, and the result is a poorly-cou- 
structed embankment to serve the purpose of levees. These levees have not been 
built on any well-cousidored plan, and no one seems to be responsible either for l^eir 
size or location. 

There was a more active interest taken in 1887-'88-'89, and considerable progress 
was made in building new and raising and enlarging the old. 

During this period the grade was raised fromi&os Bayou to Lucca Landing 3 feet, 
and from Lucca Landing to Arkansas City 2.5 feet above high water of 18^; from 
Arkansas City to Linwood 5 feet, and Linwood to Louisiana State line 3 and 4 feet 
above high water of 1888. (See tabulated statement herewith.) 

The levees as raised were designed both as to height and dimensions of croaa-sec- 
tion to pass only the highest water on the Arkansas City gauge previously recorded, 
as shown by the high water of 1682. Had this height not been exceeded, the levees, 
without doubt, would nas e remained secure. 

From Amos Bayou to Louisiana State line a large force was employed raising and 
strengthening weak places. 

Through the high-water period, not 1 mile of the 90 miles of levee along the Ar- 
kansas front but required constant watching, day and night. 

These levees in general are well protected from wave-wash. 

Fifty miles required little more than day and night fordb to prevent stock from 
causing sloughs. Forty miles required a large force of laborers, day and night, to 
keep the levee intact. 

This was notably so from Lucca Landing to Arkansas Oity, 9 miles, Arkansas City 
to Fnlton Lake, 2 miles, and from Linwood to Yaucluse, 16 miles. 

METHODS EMPLOYED. 

First. To prevent overflow : Sacks of earth laid longitudinally on top of levee in 
tiers, one above the other, so as to break Joints, or a waU of plank backed with earth. 

Second. To prevent wave- wash : Sacks filled with earth and laid sdong at edge of 
-water on side of levee, or other material when sacks could not be had. 

Third. To prevent and repair sloughs: A shingling of levee with sacks of earth 
laid on a thick layer of brush, so arranged as to allow a free escape of the water, and 
supported at base of levee by a strons row of firmly driven and well-braced stakes. 

Fourth. To lessen or stop seepage due to various causes : Loose eartii dumped on 
the river side, or canvas laid in place and weighted down with sacks filled with 
earth. . 

Fifth. To stop breaks from widening: Many methods were employed, depending on 
the nature of the soil, height of levees, volume of water, location, accessibility, ma- 
terial on hand, etc. 

The most satisfactory plan being a dike constructed of piles, brush, and sacks filled 
with earth. The piles are driven 10 or 15 feet in the ground, from 6 to 8 feet apart. 
A strong screen mat, made of willows or brush and trees, cut and put in place and 
safely secured with wire cables, is then sunk against the piling with filled sacks. 
This enables the construction of a dike of filled sacks to be made on the lower side of 
the piling. The dike usually begins about 100 feet from end of levees, and makes an 
angle with same of 70^, and extends from 75 to 100 feet into the current. 

OVERFLOWED AREA. 

Twenty days in advance of the maximum height reached at Arkansas City it wss 
evident that breaks in the levees would occur. The timely notice given to the people 
living behind the levees, together with the small size of the crevasses in this section, 
enabled them to make provision for safety of themselves, their stock, and other prop- 
erty. No great suffering, loss, or destruction immediately followed the breaking of 
the leveest 
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Areas overflowed, 

Sqaare miles. 

Chicot County, overflowed 577 

Chicot Coanty, above overflow 133 

Desha County, overflowed - 546 

Desha County, above overflow 100 

Between Dumas and Varner (or 30 to 40 miles from Arkansas City), the overflow 
was 5 feet above the track of the Little Rock, Missibsippi River and Texas Railroad. 

The opinion prevailed that this water was discharfi^ed into Bayou Bartholomew, 
and thence south ; a special el^amination was made which proved conclusively that 
there had not been any sncb discharge. 



HIGH-WATBR MARKS. 

A number of hi£[h- water marks were made on trees at the time of the highest water, 
by driving in a 6-inch boat- spike marked H. W. 1890. These were placed about one- 
half mile apart, but tnis distance was reduced where cross levees and change of slope 
required. The elevation of these marks (about two hundred in number) have been 
determined and compared at important points with the high- water marks of 1862 and 
1888. This table shows that the height of the flood of 1890, above that of 1888, was 
much greater above than below Arkansas City. The peculiar topography of the 
country between the Little Rock, Mississippi River and Texas Railroad, and the Ar- 
kansas River, and the construction of the railroad embankment itself, is probably the 
cause of this anomaly. 

It is evident that the levees in this section will need an additional topping of 3 feet 
when compared with the increase of height at the lower end of the Slate, that may 
be required to pass fnture floods. 

In order to give full protection to the country lying south of the Arkansas River, 
it will be necessary to extend the levee system from the mouth of Cypress Creek, 
across Caulk's Point, some distance np the Arkansas River. 

Statement comparing high-water marks of 1882, 1888, and 1890, and giving cross-sections 

of levees. 

[EievatioDS are from Memphis dattiin.] 



Location. 



AmosBayon 

Boggy Bayoa 

OpoMnm Fork 

Lacca Landing 

Chicot 

ArkanaaaClty 

G-aines' Landing 

X.inwood Landing 

Lfuna Landing 

Vaoolase. ..1 

Snnnyside 

Lakeport 

Grand Lake 

HilUards 

Sterling 

r«oaiaiana State line . 



High 
water, 
1882. 



Feet. 



150.34 



131.39 



High 
■water, 

1888. 



Feet. 

155.76 

155.00 

154.07 

152.05 

150.28 

148.42 

145.29 

140.50 

140.40 

133.90 

132.30 

131. 40 

126. 51 

125. 61 

124. '.:8 



High 

water, 

1890. 



I Differ* 
eDce, 1888 
i and 1800. 



Feet I 
161,10 I 
160.84 i 
159. 50 , 
167.81 I 
155.61 
152.62 
148.77 
144.04 
143. 15 
130 40 
135.18 
134.05 
129.02 
128.31 
126.56 
125.55 



Feet, 
5.34 
6.^ 
6.49 
6.26 
6.33 
4.20 
3.48 
3.54 
2.75 
2.60 
2.88 
2.66 
2.51 
2.70 
2.27 



Height of 


Width of 


levee. 


orowD. 


Fe4L 


Feet 


161.4 




161.6 




150.6 




158.9 




154.7 




161.1 


16 


148.7 




144.8 




143.0 




139.0 




136.2 




134.5 




130.2 




128.4 




127.3 




127.5 


6 



Baseot 
levee. 



Feet. 
30 
06 
112 
64 
52 
84 
68 
46 



29 
9S 
45 

27 
26 



Statement of amount expended for protection and repairs to levees of Tensas Basin Froirt 

in Arkansas, 1890. 



Locality. 



Pay-roll. 



Sahsistenoe. 



Total. 



AmosBayon to Lfaiwood 

Linvrood to Tanolnae 

Vaadnse to Lakeport , 

lAkeport to Looiaiana State line 

One-inird expenses steamer Etheridge, March and April. 



$13,906.46 

8,416.89 

766.76 

1,667.34 



$3,484.87 

1, lOa 66 

77.44 



Total. 



24,757.46 



3,666.87 



$16,891.33 

9,620.45 

844.20 

1,667.34 

900.16 



0,023.47 



The expense of charter of steamer B. A. Speed is not inclnded in the above. 
The poet of material used is also left out. 
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During the flood the strain on everybody who was engaged in an effort to hold the 
levees was eccessive. Work was continned night and day. 

At Arkansas City, 140,000 sacks were brought in on the raibx>ad ; most of these were 
nsed in front of the town, and the rest were loaded on barges and used north of 
Chioot. 

As would be expected in an emergency of this kind, the work was an enormous cost, 
and the money would have been much better applied in raising and strengthening the 
levees before the high water.. 

The interval was too short to make the levees secure against overflow, even if un- 
limited fundcr had been at our disposaL 



REPORT OF MR. HENRY GOODRICH, ASSISTANT ENGINEER, ON THE HIGH- WATER PRO- 
TECTION OF LEVEES AND THE FLOOD OF 1890. 

In compliance with orders of March 23 and 28, directing me to take charge of the 
steamer Osceola and of the Government forces thereafter to be engaged in assistinjr 
the Fifth Louisiana Levee Board in protecting its line of levees from the Arkansas 
State line to Bedford's (opposite Warrenton), I now report completion of that service 
in the manner briefly stated below : 

The first aid rendered by the Osceola was in transporting overflowed people and 
live-stock from the vicinity of Raleigh Break to nearest dry ground, and in delivering 
forces and material (lumber, sacks, and bagging) for protecting levees to the places 
endangered. 

In co-operation with the president and engineer of the Levee Board, who generally 
accompanied me, plans of work were adopted and organized forces start«:d where 
most needed along the line, as given below. To enable me to Judge of the necessity 
and kind of work to be done, to organize forces, and to pay for labor performed, the 
Osceola was kept constantly iu use, visiting all points of danger and rendering the 
needed aid. On two occasions, by your special permission obtained, at the time of 
highest flood and greatest danger to the line below Bedford's, the Osceola went aa far 
down as St. Joseph and Concordia Break to deliver a pile-driver for use in preventing 
the widening of gap. In this connection it may be mentioned that a fleet of several 
willow barj^es, mattress barge, rock bar^e, stock barge, coal barge, and pile-driver, 
were kept in readiness at Alsatia iBr use m emergency. 

At each end of Raleigh Break a willow mattress was made to protect them from 
widening; but constant care needed to be given in supplementing them with willow 
bundles, weishted with sacks of earth, between each end and its mat. 

The swift lateral return-current in the overflow against the levee threatened to 
wash it serionsly, and had to be deflected by spur dikes of timber and planks. The 
mattresses also had to be similarly protected on the upper aide from the erosion of 
the strong current down along the levee, setting in toward the break. 

A brief sketch of the condition of the line of levees at the beginning of the present 
high water, and mention of the recent work accomplished by the Louisiana State 
Boards, are here added as explanatory of the situation. Prior to Government aid 
this season they had expended a very large som in systematic raising and strength- 
ening the line planned for the entire fifth district, accomplished in scattered por- 
tions only, and interrupted by the early and long continned high water. 

Bat for this timely preparatory work of enlargement to better grade and section, 
as State funds permitted, the struggle for maintenance of line against this unusual 
flood-wave would have been, without doubt, far more perilous even than it was. 

From Filcher's Point to Wilson's the river raised 3^ feet higher than observed at 
any previous year, and left the levee a very small margin of about a foot above water. 

At Lake Providence the increased height was 2.6 feet higher than in 1882. 

Two large new levees, Raleigh and Longwood, were in process of constmction for 
the Stat«), to replace old front lines which were about to cave off. 

Protection loops at each of these places had to be built as the caving continued, 
to restrain the river and to allow time for finishing the main line, and were themselves 
held with great difficulty and cost till that object seemed accomplidied. 

At Raleigh the main line was closed only a day before the loop caved off (Februarv 
30,1890). 

A sudden rush of water filled up against the new embankment an average depth 
of 9 feet, causing sudden and unequal saturation and irregular settling, all the greater 
on account of mixed material, silt and sand, heaped up by wheelbarrows about l^\ 
feet high. 

The portion first built, the north end, had appeared solid and safe, and least of all 
was suspected of breaking. 

A general settling of material had taken place, bat to outward appearance, at the 
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place which broke, the shape and proportions were better preserved than elsewhere, 
and had called for no extra work. 

Without premonition of special weakness, the land slide slipped with sndden soft- 
ening from saturation. This induced a rush of semi-fluid material, by l^ydrostatic 
pressure, and the river followed. 

In a few days the break had widened to 4,500 feet, and since then has been held in 
check by end-protection. 

The break occurred at 5 p. m. March 15 ; ganging was made April 12. The actual 
stage of river at either date could not be then referred to any standard datum on ac- 
count of the inaccessibility of benches, but will be reported later. 

A single discharge observation by a score of located soundings and surface veloci- 
tlee, as given in separate report, gave an average depth of 13.3 feet, mean reduced 
velocity 2.7 feet per second, width 4,600 feet, and consequent discharge of 166,000 
cable feet per second. The location of the crevasse was within the first or upper 
mile of the new levee. 

The average net dimensions of levees in north Lonisiaua are in height at present 
10 feet (from 7 to 13), with crown 6 feet, and slopes b and 2 to 1, the longer slope on 
the river side. 

New lines have higher grade and larger sections, crown 8 feet, slopes 3 and 3 to 1, 
when snflficient funds for construction are available. 

An additional rise of 1 foot this season would have hopelessly overtopped miles of 
levee more than could have been maintained successfully under all the disadvan- 
tagee of the season. 

As a fact, the actual height of raising the old grade, after the high water came, 
was in many portions nearly 2 feet, with very little margin above water. 

The places at which Oovernment aid was given, under my direction, besides the 
Raleign break, were generally : 

First. High, steep, narrow levees, thoroughly saturated, and about to slide or 
slongh. 

Se^nd.. Narrow-topped levees badly wave-washing, and about to be cut through. 

Third. Low levees about to be overtopped. 

Fourth. Leaking levees, perforated and endangered by crayfish holes, trickling, 
mnddy water and sand, from interior cutting. 

Fifth. Exposed levees, eroded by strong impinging currents. 

Sixth. Combination of these conditions. 

The methods of adding strength to weak and insufficient levees are as various as 
the particulars of individual weakness, and suggest themselves under special condi- 
tions. 

A slide or slongh can generally be successfully checked by placing willow bruHh 
npon the slope, limbs upward, weighted near the base with^sacks of earth and by a 
plank, well braced. 

The willow twigs serve to drain off the saturation and at the same time to support 
the material. 

Worse oases need enlargement of section under water, to restrain percolation and 
seefiage, a most efficient and successful remedy, especially in places remote from the 
action of strong currents. 

Still worse cases require not only the foregoing treatment, but an additional land- 
side section built up from a secure retaining- waU of plank, of dry earth, or, still bet- 
ter, with sacks of earth. 

Wave- wash can be checked by a plank- wall, or sheet-piling, or, still better, with 
Backs of earth which readily remain where placed. If the washing has just begun 
on a long stretch, common jute bagging, unrolled and well staked down, will arrest 
the force and damage lo a considerable extent. 

A sand boil, or crayiish-hole, discharging sand and mud, can oft^n be smothered by 
weighting the corners of a square of bagging over it so as to strain off' the water and 
retain the material, to obstruct the flow. 

Often a weighted barrel or large cylinder placed over it has been used to catch the 
flow till it stopped by equalized pressure. 

Exposed angles of levees are best protected by spur-dikes of plank, in connection 
with willow bundles, weighted with sacks of earth, and secured by ropes or wire to 
the solid embankment. 

Draining from the base the surface accumulation will greatly aid in maintaining a 
saturated embankment. 

The tramping of cattle, as in grazing on the levee-slope, during the season of high 
water invariably causes trouble, and often disastrous consequences. 

The ends of crevasses can best be protected by, deflecting the currents from them 

by a row of thickly-driven piles as a spur-dike, projecting from each end at a gentle 

angle into the Current, and sinking bundles of weighted willows against the piling 

to obstruct flow. 

Gzevaasea commonly occur from some of the causes of weakneM above enumerated, 
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inteDsified by faulty constractioa as to preparation of base, selectioa of clean ma- 
terial, tampiug of mock ditch, etc. 

With ButHcieuC fnDds, the dimeDsions of sections, in every respect, shonld be in- 
creased by a liberal ftictor of safety, and a few new specifications added to tbose now 
commonly adopted, looking to the bett-er consttuclion and location and preserva- 
tion of levees by systematic, annual, and studious care. 

An unhesitating preference should be given to scraper work over wheelbarrow, 
where location permits, as it results in a compact embankment, with better chancer 
of withstanding saturation and unequal shrinking, eveu though subject to snperficial 
criticism of washing more from severe rainfall, a loss that is far more than coanter- 
balanced b^ compactness. 

In directing the work nnder my charge, as Government aid t4>waTd8 restraining 
the river within its training walls, 1 have und-^rtaken only such work as I deemed 
necessary, and have limited it to its minimum of labor and cost. 

LABOR 8TATSMBNT. 

lAMtHanand coatofuxfrk hy United States forces, in proteclhn of north Louisiana Uvtft, 
from Jshton to Bedford's, Marchy April^ and May , 1890. 



Locality. 



Labor. 


Total pay- 

TOlb). 


Days. 




l,li>5 


$1,837.70 


508 


664.65 


1,448 


1,985.73 


609 


677.85 


333 


409.86 


40 


47.45 


05 


73.64 


273 


390.86 


110 


155.63 


64 


72.70 


23 


87.90 


1.123 


2,410.46 




291.27 


5,789 


9, 170. 70 



Kemarka. 



Mmikin'a Bend 

OmeKa 

KHlelebBraak 

Buckuom 

Bodford'R 

Bud ob 'a Bend 

LunfT^ood 

BlnoRidiro 

Pecan Grovo 

BenderHon 

Survey 

0«c«oto pay-rolls 

SnbsiAtence, Hiipplies, and traveling 
expenses. 

Total 



StoppioK alongha, wave- wash, topping 
Stopping elongba, wave-'^ash, topping. 
M ttreaKinK <u>d revetting ends. 
Stopping sloughs. 

Stopping ero«ion of current. 

Stopping wave- wash. 

Stopping slougbs. 

Raiiiiug top and strengtiK'ning. 

Stopping erosion and wave-watih. 

Making; overflow reconnaiwiaDce. 

S«larM?8of officers and crew on iiteMm»>r 

Che^ola and *m overflow. 
Recon naiMAn ee. 



Not including co»t of fuel for Orceota. 



Information throufi^h reconnaissance parties, relative to the extent of the flooded ter- 
ritory, traced with cnre, has been obtained, and the elevations of hi^h water marked 
and described, and will soon be evaluated in reference to Memphis datnm plane. 

This information will be the subject of a separate report, and contribnted to the 
comprehensive report and map of the entire third district, Mississippi River Commi.«i' 
si on, now in progress. 

The aid renrlered in my special subdistrict has been timely, necessary, ecouomir. 
and Ruccessful. 

Leaving out Raleigh break (which occurred prior to the national aid), tber© has 
been no mishap on the line on the west bank from Ashton to Bedford's, though nnmer- 
ou« threatening dangers from time to time have been met and remedied. 

The following report, submitted to the committee on resolutions of the Mississippi 
River improvement and levee convention, which met at Vicksburg, Miss., on April 
30, 181M), is quoted as bearing directly upon the history of the flood of 1890 : 

REPORT OF E>7GINEBRS. 

Vicksburg, Miss., April 30, ItfiH). 

Jo the Committee on Resolntions of the Mimsaippi River Improvement and Levee Con- 
vention : 



Your committee, to whom was assigned the duty of preparing a statement on tli*- 
subject of levees, beg leave to submit the following: 

The te«tiniony of all engineers* familiar with the sublect is that there is no engi 
neering difficulty in the way of restraining the floods of the Mississippi River througb 
the agency of levees, and that this is the only agency through which that object cat- 
be accomplishe<l. The leveos, as they existed at the beginning of the reoent flood, 
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wete admittedly too y^eak generally, ia heighth and width, to stand an extraordinary 
high irater, as was recognized and affirmed oy all levee engineers. 

The fundamental defect in the present system of levee building is that they have 
not been designed and constructed on engineering principles in the most thorough 
manner, with the sole view to certain efficiency, as is the case in all other classes of 
engineering work ; but it has always been a mere question of doing the best that 
oonld be done with an insufficient amount of money. 

The great desideratum has been to pile up as much dirt as possible in the cheapest 
possibK way, so as to cover the greatest extent of territory with the highest bank of 
earth attainable with the means at hand. This consideration has precluded such 
treatment of the foundations as the character and service of the structures demanded, 
to which deficiency is attributed much of their failure to successfully resist the ex- 
traordinary pressure of this flood at varions points. The disaHters ftom the recent 
flood have been exaggerated and magnified beyond their true proportions by the sen- 
sational treatment which the subject has received, and which has tended to shake 
confidence in the efficiency of the levee system. 

In confirmation of this attention is invited to the following facts: In 1882 the total 
nnmber of crevasses in the levees was 284, aggregating 66.09 miles in width ; in 188:1 
the nnmber of crevasses was 224, with an aggregate width of .34.1 miles; in 1884 the 
crevasses numbered 204, aggregating 10.64 miles in width. 

The result of the crevasses enumerated during these three years was a general over- 
flow of the Mississippi Delta. In the present flood, the dangers of which are nearly 
passed, the crevasses which have occurred numbered twenty-three, aggregating about 
4i miles in width, in a total length of 1,100 miles of levees, or less than one-half of 1 per 
cent, of the total line of levees, notwithstanding that the present flood has exceeded 
those of the three years cited in the height attained at Memphis and all points below, 
and has not been exceeded in duration. This excess of height was, at Memphis, 0.5 
foot ; at Helena, 0.6 foot ; at Sunflower Landing, 1.2 feet; at Arkansas City, 2.3 feet ; 
at Greenville, 1.7 feet ; at Providence, 3.1 feet ; at Yicksburg, 0.1 foot ; at Natchez, O.ti 
foot, and at New Orleans, 0.5 foot. 

The general result has been a large measure of protection afforded by the levees 
this year, notwithstanding the extraordinary character of the flood, which has never 
been enjoyed during previous high waters of considerable magnitude. 

For example, in the Tazoo Basin between 80 and 85 per cent, of its area is pro- 
tected tcom overflow, there being only one crevaisse of 280 feet in width, affecting a 
very small area, in 160 miles of levee, extending from the upper extremity south- 
ward. There were other crevasses on this front below this locality. On the Tensas 
front are two reaches of continuous levee, being respectively 81 and 125 miles in 
length. The right bank below Red River has 180 miles of continuous unbroken 
levee, and the left bank has 200 miles with only one break. Of the territory depend- 
ent upon the last-named levees, 75 per cent, has been protected. The percentages 
of areas protected as abovo noted embrace all classes or lands subject to overflow ; 
as the lands sought for cultivation are the more elevated portions, the percentage of 
their area protected is much greater. 

From our knowledge of this subject we now feel justified in declaring that very 
great progress has been made during the past five years in theconstraction of a com" 
plete levee system by the joint efforts of the General Government and the reparian 
States; and also that the experience of the present flood has strongly added to our 
conviction that such a system presents the only solution of the protection of the 
alluvial Talley from inundation in connection with the general improvement of the 
river. We unhesitatingly express our condemnation of all theories for the regula- 
tion of the Mississippi River and controlling its floods by the agency of ''outlets." It 
is our conviction that such a system would prove destructive to all the interests 
which are son^^ht to be conserved and improved in connection with the treatment of 
the Mississippi River. We also state with thorough conviction and emphasis that 
the belief entertained by some that the effect of long confinement of the Mississippi 
River by levees will be to produce a permanent elevation of the river bed is a 
fallacious one, which is refuted by experience and contrary to all observation. We 
are familiar with all surveys that have been made of the Mississippi and with its 
present navigation, and declare that there is no evidence from either of these sources 
or elsewhere of progressive elevation of the bed of the Mississippi River from 
levees or other cause, except where caused by and immediately below outlets. 

We submit the following information relating to expenditures upon the levees from 
the following sources : 

By the United States Government, through the Mississippi River Com- 
mission since 1882 13,018,601.50 

The Mississippi levee boards since 1882 3,098.745.74 

State and levee districts of Louisiana since 1866 15,255,327. 13 

Of which since 1882 about 5,000,000.00 

Arkansas 340,417.00 
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The above do not inclade expenditures which have been made by coanties* corpora' 
tions, and individoala in the several States. We estimate that a farther exi>enditm« 
of 110,000,000 b^ the General Government, in co-operation with the ripahan States, 
ifpromptly applied, will suffice to complete a system of levees that will prove entirely 
effective to restrain all Aitnre floods of the Mississippi River. 

J. H. WlIXARD, 

Captain Engineen, V. S. A. 
W. YOUKO, 

Captain Engineert^ U. 8»A, 
B. M. Harrod, C. E. 
8. W. Ferguson, C. E. 
Henry B. Richardson, C. £. 
Wm. Sterling, C. £. 
T. G. Dabney, C. E. 
H. S. Douglas, C. £. 
Arthur Hidek, c. £. 
H. Bolivar Thompson, C. £. 
H. St. L. Copp£e, C. E. 
Jno. Smythe, C. E. 
Henry Goodrich, C. E. 
Jno. Ewsns, C. £. 
Geo. M. Helm, C. £. 
Horace Marshall, C. £. 



Amelia, Ark., May 3, lij90. 
My Dear Senator George : I fnlly indorse the report of the engineers to the 
Vicksbnrg convention as to the efficiency of a proper system of levees and the fotility 
of all other proposed plans for preventing overflows. The most hopefnl thing which 
has oocnrred within my knowledge of levee history is the remarkable endnranoe of 
thej>resent weak line in the face of the late enormons flood. 
Very truly, yoars. 

Smith S. Leach, 

Captain of Engifieers, 
Hon. J. Z. George. 

United Stat€9 Senate, 



The following extracts, taken from a late report (date April 23, 1890) of Maj. William 
Sterling, chief engineer of the hoard of Mississippi levee commissioners, are, by per- 
mission, quoted, as bearing directly upon the history of the flood of 1890 : 

report of chief engineer. 

Engineer's Department, 
Board of Mississippi Levee Commissioners, 

Greenville^ ifta«., April 23, 1890. 

• •••••• 

This flood mnst nnqnestionably take rank among the very great ones, with 1858, 
1862, 1867, 1882, and 1884. It was not, perhaps, of greater duration than the first, nor 
was the maximum quantity of water at any one time as great as in the last two, nor 
was it in any respect as formidable as 188'J, but it is probable that, taken all together, 
it was not exceeded by any except 1H82. ^ 

It proceeded mainly from tbe Ohio and its tributaries, aided materially by a very 
high stage, maintained with great constancy, in White River, and several consider- 
able rises from the Arkansas. 

There were no loss than six rises in the upper Ohio, which were met by freshetn 
from the Cnmberland and Tennessee, resulting in four distinct rises at Cairo, culmi- 
nating at stages of 43.7, 41.8, 48.9, and 48.8 on the gauge at that place. The intervals 
between these rises were so short that tbe corresponding falls never reached the lower 
part of our district, being overtaken in each instance by the succeeding swell. Con- 
sequently the strain was first felt in the extreme southern portion of our line, whare 
a very high stage was attained while the upper division was enjoying perfect security. 

At Skipwith's tbe river in February was 1 foot above 1882, while at Australia it 
was 2 feet below, and while at Helena the gauge marked 4 or 5 feet below the record 
of that year. This condition of things gradually changed. The third and fourth 
---^1 brought the Helena gauge to 47.7 and 47.5, respectively ; 0.5 and 0.3 above 1882, 
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&nd 0.4 and 0.6 below 1886. The Btrain was now transferred to the upper part of the 
line, the lower part having been relieved in the mean time by the crevasse at Baleigh, 
in Looisiana. 

The condition of our line at that time was as follows : 

In porsnanoe of the plan of enlargement approved by the boards some portions of 
the upper end of the district had been brought to standard, that is, to a grade 3 to 3^ 
feet above the highest water recorded, usually 1886, sometimes 1^2, a crown of 8 
feet, aad slopes oi3 to 1 on each side. Some other portions of the line had also been 
brought to this standard, n^^mely, all the new levees 5onstrnoted during 1^ and 1889, 
and some little enlargement work, the programme being that henceforth wherever new 
work or enlargement was undertaken at all, it should be brought to these dimensions. 

The other portions of the line as far down as Mound Lauding were built to a grade 
3 feet above nieh water, a front slope of 3 to 1, and a crown of 8 feet, the back slope 
bein^left unenTarged for the present. 

Below Mound Landing the grade heretofore adopted was 5 feet above 1888, the 
standard of that year. Owing to the insufficiency of our means, in order to attain 
this height over as lar^e a part of our line as possible, the crown was made only 2 
feet, it being intended during the coming year to increase this to 8, and the grade to 
5.5 above 1888. 

The reason that 1886 and 1888 were respectively adopted as the standards above 
and below Mound Landing was this : 

It is known that a moderate flood is no criterion at all for a high one. Even at 
high water is not an accurate criterion for a higher one, as will be presently seen. 
Nevertheless, the best we can do is to select the highest attainable record as a basis, 
unless some other consideration intervenes. Now, 1886 was not nearly so great a 
flood as 1882 or 1884, but it was more closely confined, by the rebuilding of the levees 
in the upper district of the Mississippi and the partial rebuilding of the Arkansas 
line . Therefore, it attained a much greater height at Helena than in m82, and was 
also oonsiderably higher for long stretches of the upper part of our line, notably in 
the vicinity of Cat£h Point. Moreover, the high- water line of that year had the 
great advantage of not being vitiated by numerous crevasses. Wherefore, it was 
adopted, except where it was exceeded by the mark of 1882, in which, event, for 
greater safety, the latter was made the standard. 

Below Moond Landing, however, the line of 1886 was no longer trustworthy, on 
account of the number of breaks in the Arkansas levees. The lirst year in which 
the water of the river was entirely confined between levees from Arkansas City to 
Vicksbnrg was 1888, and it so happened that for a considerable portion of that 
reach it equaled or exceeded the greatest previous record, with the exception t>f 
18^, and the records of that year are so fragmentary and uncertain that ttiey can 
only serve as a check or a warning and not as a guide. Therefore, below Mound 
Landing the hi|^h water of 1888 was made the standard, and the grade fixed at 5 
feet above that line. At the same time, the opinion was expressed (see my report of 
May 14, 1880) that this grade was not safe in itself, but relied rather on the weakness 
of our neighbors across the river, which weakness was continually diminishing, and, 
as the result abundantly shows, was not to be depended on at all. 

Previously to 1888 the high- water flght had always been above Mound Landing. 
The levees in Washington and Issaquena counties had practically given but little 
tiou))le. The almost unleveed front of Arkansas directly opposite us acted as a 
waste-weir, and the water could not attain more than a certain height, be the floods 
never so great. The quantity of the total flood discharged over this bank of course 
Increased as we go down the river, the portion thus lost being, in 1886, we will say, 
at Arkansas City about 10 per cent., opposite Greenville about 20 per cent., at Asb- 
ton about 35 per cent, of the whole discharge of the river. There were no precise 
observations in 1886. These approximations are very rough. 

The rebuilding of the Arkansas levees in 1887 put a new face upon matters, and the 
high water which prevailed in the lower part of our district during the very moder- 
ate flood of 1888 indicated the urgent need of greatly increased dimensions for our 
levees in that portion of our line. For the last two years, therefore, our main strong th 
has been thrown on the enlargement of the levees in Washington and Issaquena 
counties, and they have been given all the dimensions that our means would permit. 

Under the conditions mentioned above the first trouble experienced was at the 
lower end of the district, where portions of the levee were deficient. This was partly 
due to the fact that the contracts in force did not extend entirely thronghont the dis- 
trict, partly to the unfinished state of these contracts. In the case of the enlarge- 
ments the contractors were caught by the rising river before the time limited for the 
completion of their work. In tne case of the new work, namely, the Clover Hill and 
Hall's Landing levees, it was partly the misfortune of the contractors in adverse 
weather and insufficiency of labor, and partly their fault, that their levees were not 
completed at the stipulated time. 

As it wall no disaster happened in the case either of the new work or the enlarge- 
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ment of tho old. Owing to the exertions of Mr. Hyner and Mr. Manliall, the former 
were tsompleted in time enoagh and the latter were topped to a suffloient height. Oe 
the 10th of March the levee at Raleigh, La., gave way and in a few days caosed & 
fall in the water-snrface of the rivor varying according to situation and amoantiug, 
in the immediate vicinitv, to abont a foot and a half. The scene of danger was noyr 
shifted, it was thonght, from the lower to the middle pajli of the district, the extreme 
upper part being yet comparatively safe. The principal cause of apprehension hens 
was the lowness of some of the levees, which were threatened with being aotually 
overtopped. 

• • 4* • « • • 

It was found that the work of securing the ends of the breaks where the crevasse 
was of very recent occurrence, the levees high, the material light, and the carrent 
strong was a very serious undertaking, and the methods formerly practiced, of dirent 
revetment by sacks, brush, etc , of no efficacy at all. Resort was then had to a 
method tirst practiced, so far as I know, by Mr. H. M. Marshall at Grand Lake in 
1888, of building spur-dikes near the broken ends and thus throwing that destructive 
portion of the current that runs parallel to the levee farther out and beyond the ends. 
Mr. Marshall's dikes were made of brush and sacks. In the deep water in which we 
were obliged to work it was thought better to adopt the modifications practiced with 
great success by Mr. Atkins in Arkansas, of driving piles, or utilizing trees where 
thev existed, and lodging brush against them, and, under cover of this protection, 
building walls of sacks. This method, which is susceptible of endless modifications, 
has been successful wherever adopted. 

The manner in which these breaks occnrred, so far as is known, has always been 
the same. They went from the bottom. Jn no instance were the levees overtopped 
by the water. AH except the Huntington Levee were comparatively new works; the 
Oifntt Levee having been built in 1879, the Skip with and Easton levees in lb8S£-^d:^, 
and the Cattish Pout Levee in 1886. This fact, tonfether with the manner of the 
break, pretty much excludes the supposition of unsoundness or cavities within the 
body of the levee. Two of them, at least, were built through open fields, where 
there wasoio timber. In every case in which the break was observed the cause was 
evidently under the levee and not in it, the break taking place in the natural surface, 
on the land side of the levee. These circumstances point with a probability whicli 
is almost certainty to the conclusion that the weakness lay in a sandy stratum, either 
immediately beneath the levee or only a short distance below the ground. This soil 
is of a much looser consistency than that of the levee itself, since the latter is packed, 
while the former is spongy and permeated with roots, pores, and fissures. If the 
borrow-pits extend int<o this stratum, and it be consequently exposed to the enormous 
lateral pressure of water at a great depth, continued for weeks and months, it be- 
comes thoroughly infiltrated with water and reduced to an almost semi-fluid condi- 
tion, being thus capable of partially transmitting a hydrostatic pressure. The weight 
of the levee is sufficient to withstand this pressure, but it is exerted with destructive 
effect on the thin crust of natural soil, just inside of the levee, and bursts it ap. I 
once saw such a break, and the above reasoning forced itself upon me with strong 
conviction ; and the description of the breaks at Huntington and Catfish Point, froio 
eye-witnesses, tallies precisely with my own observation. That the other breaks 
proceeded ii-om the same cause can not positively be asserted. There has been ^ome 
talk, since the break at Offutt's, of a hole in a drainage-ditch inside the levee, bat 1 
have not myself seen the witnesses of this, and do not know how much importance to 
attach to their testimony. A hole of this kind may be of great consequence, or none 
at all, according to circumstances. In each instance the existence of a light sandy 
stratum at or near the surface of the soil is notorious, and all the circumstancesi 
favor the supposition that it was the sufficient cause of all the crevasses. Another 
would probably have occurred at the hoop, above Major Edmond's, had it not been for 
Mr. iSomerville's and Major Redmood's prompt and timely action, as the soil oa th« 
land side of that levee had already begun to bulge upwards. Doubtless it would 
have burst had it not been heavily weighted. 

This element of weakness had long been known to me, but it* was thought that the 
dimensions given to our levees, sanctioned as they were by long experienoe, were suf- 
ficient to overcome it. It is now evident that they were not. Even, however, if it 
had been known that such was the case, it would have been out of our power to 
avert disaster. Our levees were nowhere superfluously strong or superfluously high 
and whatever labor was bestowed on strengthening lines now known to have been 
weak must have been diverted from other points where it was almost equally neoessary. 
Had these or other breaks not occurred at the time they did, the river must have gone 
much higher. We might have been overtopped, for there was mach levee that lacked 
but little of letting the water over it. B ad we, by diligent labor, escaped that danger, 
and topped the deficient places to a sufficient height, yet it was not in our power 
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t>o give tbem proportionate strength, and oar disasters, bad as they are, might have 
been far worse. 

The occasional defioiencies i^ grade to whioh allnsion has been made are due to the 
ttict that no one flood is aii accurate criterion for another. When, therefore, we build 
our levees 3 feet higher than Hi82 or 1886, or 5 fe«»t higher than ISHS^ we do so with 
the perfect knowledge that when a much higher water comes it will not be noiformly 
higher all along the fine. But we can not, tiU engineers become omniscient, tell where 
all tbe discrepancies will occur or how great they will be. At one point the water 
will be perhaps 2 feet higher than the standard, at another 3 ; thus at Sklpwith's this 
year it was nearly 3| feet higher than 1882 or 1888, while at most other parts of the 
line it was only 2i, and that, too, before any breaks had occurred. The causes of 
some of these discrepancies are known and have been provided against. This par- 
ticular instance is a type of several that have occurr*id this year, and appears due to a ' 
cause not heretofore suspected, by me at least, for the reason that I have never be- 
fore seen a flood high enough to bring it prominently into play, and that is the 
movement of large masses of water across unleveed points. Above Skipwith's the 
long point called Sarah's Island lies outside the levee, and the water has a free course 
over it. This movement, then, as far as it goes, acts like a cut-oft', lowering the water- 
snrfaoe in the bend above the point, while it raises it in the bend below. This was 
strongly exemplified by the break at Connelly's on Catfish Point, whioh lowered the 
water-sorfaoe at Bolivar by about a foot. Suppose instead of a break 2, 000 feet wide 
the levee had been entirely washed away. The depression at Bolivar would have 
been still greater. The situation would then have been preci^ly that of an unleveed 
point, and the water-surface in Choctaw Bend below would have been raised as a 

CUtHOff. 

This cause acted also in other floods, but to a much less extent. It makes a vast 
difference whether water runs across a point 2 feet deef) or 5 feet deep, the velocity 
increasing enormously in the latter case. Therefore, while in 1S82 or 1888 the water- 
sarface at Skipwith was somewhat raised from this reason, In 1890 it was raised dis- 
proportionately more. At Neblett's Landing and at the lower end of the Miller's 
Bend Levee the same conditions prevailed, and the same phenomenon was observed. 
In the one case the flow is across Indian Point and in the other across Ashbrook's Point. 
In each instance the levees appeared unduly low, but they were not. The water was 
nndoly high. 

February and March, and even the earlier part of April, were marked by the preva- 
lence of unusually higd winds. Here, too, tbe influence of the extraordinary stage of 
water was felt in submerging deeply lands heretofore overflowed slightly, or not at 
all, and exposing to wave-wash levees formerly deemed altogether exempt from that 
danger. This was particularly observable in the lower part of the district, where, 
consequently, we had prolonged -and repeated fights against the winds, necessitating 
tbe use of vast quantities of sacks. Most of these fronts will hereafter have to be 
protected by revetments or breakwaters of some kind. 

The high- water expenses have been proportionate to the magnitude of the flood, 
and I fear they will be found unprecedented ly great. Everything has been done 
that seemed practicable to prevent waste and unnecessary work, but with only lim- 
ited success. Organized forces have been used to a considerable extent, and I think 
it will be found advisable in future groat floods to make still more use of them, and, 
in fact, as far as possible, employ them altogether in high-water work. 

It is yet far too early to present accurate estimates of the work which will be re- 
quired to replace that which has b6en lost, still less is it possible, at this time, to calcu- 
late the increase of grade which will be necessary to bring our levees to a safe height. 
There will be ample data for such estimates when the hi^h-water observations are 
all reported. These will be unusually full this year. The Government has out nu- 
merous parties measuring the discharge of the river at various points; among others, 
At Helena, Arkansas City, Wilson's Point, and Vicksburg, as well as at the several 
crevasses on both sides. Two very complete series of high-water marks have been 
taken by our own organization, one at the top of the second rise before any breaks 
had occurred, the other at actual high water. These marks were taken at every mile. 
It is hoped that it will be possible, from all these data, to fix with considerable accu- 
racy upon a safe grade. One thing is sure, that our levees will have to be raised 3 
feet to hold a flood like 1882, and iSlow any proper margin for contingencies. This, 
at a Tongh estimate, will require 10,000,000 cubic yards ; to rebuild the gaps, about 
500,000. The fact that our levees have given way in unexpected places, and in an 
unexpected manner, should not lend any color to the vulgar notion sometimes ex- 
T>res8ed that no confidence can be placed in levees, or as it is sometimes phrased, 
that "dirt can not be made to hold water." On the contrary, the experience of this 
year shows that by far the greater portion of our earth-works have stood a strain, 
which for magnitude and duration is utterly beyond precedent, with wonderful tenac- 
ityt If they have sometimes failed, it was because there was a good reason for it, and 
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80 far from being duooaraged, we should be stimnUted to find ont the caoBe an^ 
apply the remedy. 

I think the cause has been discovered. The remedies may be threefold. First, to 
make borrow-pits, shallower, where sandy soil preTaila, to keep them if possible from 
extending to the sand stratum at all ; if not, to leave a berme of unusnal width be- 
tween them and the levee. Second, to dig a muck ditch of mach greater width aini 
depth than nsnal, penetrating entirely through the sand stratum, u practicable, anu 
filled with buck-shot earth thoroughly tamped. Third,to build a banqaette or bend 
on the land side, of sufficient width and height to hold down the upward preasorr. 
and transfer it to a point where it will be so far weakened by distance and oonstani 
resistance as to be harmless. There is no question that the diflSculties in the way oi 
, building sound and sufficient levees have been underrated. We have gone at tb-- 
work in a rough-and-ready way, each man following in the footsteps of his predt*- 
cesser, holding blindly to a rule-of-thumb method, without close inquiry into ditier- 
ences of circumstances. Slopes of three to one, with a crown of 8 feet, have been 
supposed to make a safe levee in any kind of soil. So far as the levees are concerned 
perhaps they do, but they do not afford a snfficient cover t-o a weak and treacheron^ 
foundation. A more minute and intelligent supervision will be henceforth necseasarv. 
and a stricter adherence to specifications. 
The details of these matters must be i*eserved for more careful study, 

• •••••• 

Bespectfully, 

Wm. Starling, 

Chief Engineer. 



RKPORT OF ME. J. J. HOOP^^, ASSISTANT KNGIKKKR, ON BISCHARGK OBSBRVATION5 
▲T ARKANSAS CITY AND AT TUB VARIOUS CREVASSES IN THE THIRD DISTRICT. 
1890. 

I submit herewith the results of the discharge observations at Arkansas City, and 
also gauging of the volume or water passing through the crevasses in the vicinity. 

The party was organized March 6, 1890. The appliances were put in order and 
range signals relocated. The old discharge section was used in these observations, 
and as the intersecting signals were nearly all carried away by the high water, and 
the banks were overflowed, careful surveys were required to mark the ranges in their 
old positions. The first complete set of river-discharge measurements was made on 
March 14 and the last on April 15. In all fourteen complete gaugings were obtained, 
covering the time of highest water. 

Two partial discharges were taken, which could not be made complete, owing U\ 
in one case the failure of appliances, and in the other to obstruction of view, causrtl 
by ferry-boat Jfarian, lying at elevator. The accident to the Vidaliaj and failure m 
appliances, made it impossible to obtain a discharge between March 19 and March 2.'>. 
and the wind-storm of March 27 interfered on that date. More discharges would havr 
been taken had the steam-boat been available, but the urgent necessity for its use in 
preserving the levees, and relieving the people overflowed, Interfered with the ii.s« 
of the boat for this purpose, 

CREVASSES. 

The crevasses above the discharge section on the Mississippi side were Catfisb 
Point, Easton, and Huntington, through all of which the water flowed from the river. 
and ten crevas8e8 on the lower side of Catfish Point, through which the water flowed 
iuto the river from the break at Catfish, on the upper side of the point. The Oflutt 
crevasse was below the discharge section. 

The crevasses on the Arkansas side, above the discharge section, were at Brooks- 
field, Boggy Bayou, Sappington, Fergusom, Chicot, and one between Chicot auu 
Arkansas City. The last-named flowed iuto the river after March 27. 

With this exception the water from the other crevasses on this side and that flowing 
around the end of the levee at Amos B»you is all discharged between Arkansas City 
and Trippe through and over the embaukment of the Little Hock, Mississippi Hiver 
and Texas Railroad. 

The distance from the river-discharge section to Trippe is 7 miles. Three carefnl 
measurements were made of this discharge, which, as stated above, includes all 
the water passing through the crevasses on the right bank above the discnai^e section. 
The following is the method used in gauging the crevasses. The water flowint; 
through Huntington and Catfish Point crevasses was measured with the current- 
meter. 

Of that flowing through others, the velocity was obtained by the uae of floatSi 
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except a portion between Arkansas City and Trippe, being of small depth and flow- 
in <; o?er the railroad embankment ; the flow was treated as passing over a weir. 

The floats used were two cones, each 6 inches in diameter and 6 inches high, joined 
at their base, and submerged to mid-depth. The time of passing two ranges of known 
distance apart was taken and the snrface velocity computed. 

In other instances the time taken for the float to travel the length of the skiif was 
used where ranges conld not be obtained on account of backwater, the skiff being 
held In position by a line fastened ^o a tree. Eighty per cent, of the snrface velocity 
was taken as the mean velocity. 

The maximum discharge of Huntington crevasse was calculated from data obtained 
on April 1, but which was not complete, on account of the current being too strong to 
allow a complete set of soundings. 

That of the crevasses on the lower side of Catfish Point was found by taking the 
increase of area resulting from the caving back of the ends of the levee, combined 
with the velocities found in the previous observations of March 12. 

The maximum disoharffe of Offut's crevasse is from estimation 600 feet long, 7 feet 
deep, with velocity of 8 teet per second, as the first measurements, April 15, were not 
obtained until after the water had begun flowing back into the river, which began 
April 1. 

In estimating the maximum discharge of Boggy Bayou, the original depth of the 
levee below the water-line, the width found in later observations, and a velocity of 7 
feet per second were the data taken. A velocity of 6 feet per second was used for the 
Chicot, Brooksfield, and Ferguson crevasses. 

The date of maximum discharge was generally taken at about three days after the 
break, as after that time the backwater retarded the flow through the crevasse. 

The results obtained, with the locality and dates upon which measurements were 
made, are contained in the accompanying statement. 

Method : The main river discharges were obtained from a steam-boat, with a cur- 
rent-meter, in the usual manner. 

Eleven velocity sections were taken, and the soundings across the section spaced 
generally less than 75 feet apart ; these were located by a transit stationed on the 
right bank, about 2,000 feet above the discharge section. 

RATING CURRBNT METERS. 

Brice meters Nos. 4 and 6 were used on the work. The former was rated twice 
and the latter once. All the observations for rating them were taken at Lucca Land- 
ing, in still water, over a base 1,000 feet long ; about a dozen observations being 
made in each rating. 

A steam-boat was used in this work, and the velocities ranged about 3 to 10 feet per 
second. 

Be9ults of disoharge observations, MissisHppi River, Arkansas City, Arkansas, 1890. 



Bate. 



Area. 



Gauge. 



Differ- 
ence. 



Resnltlng 

difference 

in water 

areas. 



Aotnal 

difference 

in water 

areas. 



Soonr + i 
FiU — 



Batnm 
area. 



Mar.U.. 

19.. 

25.. 

26.. 

28.. 

30.. 

81.. 
Apr. 2. 

?! 

9. 
11. 
18.. 
16. 



200,615 
222,638 
225,579 
228,326 
218, 791 
231,370 
227,722 
230, 119 
226,695 
228,193 
226,274 
233.503 
241,545 
237,359 



48.00 
48.66 
49.01 
49.22 
49.05 
4&62 
48.66 
48.41 
48.08 
47.71 
47.78 
47.70 
47.60 
47.55 



■fO.66 
-H).36 
-HO. 21 
—0.17 
—0.43 
—0.06 
-0.15 
-0.33 
-0.87 
-J.0.07 
—0.08 
—0.10 
—0.05 



—2,267 
—1,197 

— 718 
+ 581 
+1,470 
+ 205 
+ 513 
+1.128 
+1,265 

— 240 
-h 274 
+ 342 
+ 171 



+16,023 
+ 2,941 
+ 2,747 

— 9,535 
+12, 579 

— 3,647 
+ 2,397 

— 3,424 

— 3. 502 
+ 3,081 
-h 7,229 
+ 8,042 

— 4,186 



+13,766 
+ 1,744 
+ 2,029 

— 8,954 
+14, 049 

3,448 
+ 2,910 

— 2,296 

— 2,237 
+ 2,841 
+ 7,608 
+ 8,384 

— 4,015 



184,668 
198,342 
200,090 
202,122 

'207.* 2ii 
203,767 
206,675 
204,876 
202,185 
204,977 
212,497 
220,861 
216,846 
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lit»ulis of discharge observations, Mississippi Biver^ Arkansas City, Arkansas, 1R90. 

[Width. M20 feet.] 
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Mar. 


14 
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0.00 
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60.4 1 83 




5.714 
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5.000 


1, 185. m 




19 


4&66 


+0.66 
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+18,214 


6.335 
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8,000 
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25 
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26 
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10.000 
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28 


49.05 


—0.17 
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89 


-10,116 
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10.000 


1.222,911' 
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8,0<0 l,250,'j:ti 
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220, 274 66. 2 
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+ 6,956 


5.122 
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3,600 


1. 19B, 464 




13 
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-^.10 


241,545 i 70.6 


89 


+ 770 


5. 513 


1,331,745 


3,000 


1, 337, 44'i 




15 


47.55 


—0.05 1137,369 69.4 


91 


— 4,016 


5.398 


1.281,^50 3.000 


1, 284. r<) 



Measurement of crevasses below Arkansas City to be added to river discharge at Wilaon^s 

Point, Louisiana, 

[Method used: Surface floats.] 



Description of crevasses. 
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467 


R.B.-. 
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10.4 
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R.B... 
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3,860 


8.0 
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R.B... 
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7.2 
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6.0 
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6.0 
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R.B... 
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6.6 
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4.0 
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R.B... 
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8.6 


467 


R.B... 
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3.720 


8.4 
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R.B... 


2.940 


6,616 
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Disohar^re, 

ctibic 

feet per 

svcond. 



-13,682 
30.940 
30,800 

29.246 
29,484 
26,280 
24.744 
23,408 
18,240 
19,760 
18,860 
16,iB9 
16,940 
16,400 
13,640 
12,499 
6.066 



Date of 
observa- 
tion. 



1890. 
Apr. 15 
Mar. 19 
Mar. 22 

Mar. 25 
Mar. 26 

Apr. 1 
Apr. 4 
Apr. 6 
Apr. H 
Apr. 7 
Apr. 9 
Apr. 10 
Apr. 11 
Apr. 12 
Apr. 14 
Apr. 15 
Mar. 12 



D«t<» of 
crevastie. 



Mar. 18 
Mar. 18 
7 a. III. 

Do. 

Do. 

Do. 

Bo. 

Dou 

Bo. 

Bo. 

Bo. 

Bo. 

Do. 

Bo. 

Bo. 

Do. 
Mar. 7 



" MRxiraam disoharjEe March 21, 35,000 cabio feet flowing into rlrw after April 1. 
\ Measured by A. F. KUpatrick. Maximum disohaiKe March 19, 81,000 onbio feet. 
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REPORT OF MR. FRBD P. SPALDING, UNITED STATES SURVBTOR, ON DISCHARGE 
OBSERVATIONS AT WILSON'S POINT, LOUISIANA, AND AT 8KIPWITH CREVASSE, MIS- 
SISSIPPI, 1890. 

ObflervatioDs foe. the disohargeof the river at Wilson's Point, La., were made, begin- 
ning on January S7, 1890, and endins on May 7, 1890, during wbioh time a continuoua 
series of observations was kept np of the main river, and after its occurrenoe, of the 
Skipwith Crevasse. Thid observations were taken from the steam survey-boat Meter^ 
which dnrini^ the observation was held by the pilot as nearly as possible upon a point 
fixed by the intersection of two ranges marked unon the bank. The section used was 
the same one upon which the observations of 1888 and 1889 were made. 

A " Price'' current meter was used, and was lowered from the side of the steam- 
boat by a wire rope to six-tenths of the depth of water at each point ; a lead of 225 
pounds weight was used to sink the meter to the proper depth, and a guy- wire lead- 
ing to the bow of the boat, to keep it in place vertically. Readings were taken each 
minute for five consecutive minutes, ana a mean of the readings used in the compu- 
tations. The meter was rated three times during the continuance of the observa- 
tions, by being held over the bow of a skiff, which was towed by the men along a 
base-line on the levee, once near Skipwith's and twice at Wilson's Point. 

At the break in Skipwith's Levee, observations were taken from a skiff held in 
place with the oars ; the meter was lowered from the bow of the skiff upon an 
ordinary lead line, with a 20-pound lead to sink it to the proper position. The reg- 
istrations were counted for a single minute, commonly repeated as a check upon its 
accuracy, and, as in the main channel, at six-tenths of the depth of water. 

As the seotion measured was located directly across the break through the deep 
water resulting from the scour, it was thought advisable to take some observa- 
tions for the purpose of determining if the flow through the break would be fairly 
measured by thlH method ; and for this pui*pose, at various times, velocities were 
taken at every 5 feet of depth in a vertical line at different points in the section. 
The result of these observations may be briefly stated as seeming to show a quite 
steady flow through the break, with an average velocity about eight-tenths of that 
at the surface, and in > general icorrectly represented by the velocity at five-tenths to 
six- tenths of the depth. 

In accordance with general instructions, copies of the field notes have been sent 
for computation in the ofiice of the Secretary of the Mississippi River Commission. 

A table is herewith presented showing results of the field computations : 

BesulU ofdi$eharge ohiervatWM at Wilaon*e Pointf Louisiana, m shown by field computa- 

Uons. 
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Over 
east 
bank, 
1,000 
oabio 
feet. 



Slopes (on Louisiana 
side). 



Total 



For 2,000 

feetabove 

section. 



For 2,800 

feet below 

seotion. 



1800. 
Jan. 28.... 
81 ... 
Feb. 3 ... 

4... 

5... 

6... 

8... 
10... 
11... 
12... 
13... 
U... 
16... 
17... 
20... 
21... 
22... 
94... 



98. 

27. 

Mar. 1. 

8 . 
4. 



34.06 
88.06 
88l90 
87.20 
87.42 
87.69 
8&10 
88.40 
88.46 
88.44 
88.46 
88.66 
88.66 
8a62 
88.06 
80.00 
89.16 
80.88 
80. U 
89.44 
39.66 
89.86 
89.40 
39.48 



37.35 
37.40 
87.57 
87.80 
38.80 
88.52 
88.57 
8&60 
88.70 
3a 70 
88.70 
8a 77 
89.00 
88.18 
89.28 
89.42 
89.47 
89.60 
89l57 
89l40 
89.46 
89.64 



148 
IbO 
156 
166 
150 
164 
171 
178 
176 
174 
178 
177 
175 
178 
178 
180 
182 
179 
18L 
180 
184 
180 
18i 



BWa 00 200 



7.88 

ao8 

7.61 
7.03 

a87 

6.86 
a 85 
6.88 
a 70 

a 40 
a 31 
a86 
a 18 
a 14 

6.98 

ass 
ao2 
a22 
an 
a 97 
a 91 
aso 
a 91 
*77 



1.088 
1,050 
1,176 
1.164 
1,093 
1,120 
1,173 
1.214 
1,182 
1.111 
1,002 
1,124 
1,078 
1,078 
1,064 
1,139 
1,098 
1,114 
1,106 
1,076 
1,084 
1.046 
1,088 



1,088 
2,050 
1,176 
1,104 
1,008 
1,128 
1.189 
1,234 
1,205 
1,134 
1,116 
1,149 
1,103 
1,104 
1.092 
1,167 
1,127 
1.144 
1,186 
1,100 
1.116 
1,076 
1.118 
l,09p 



.00080 
.00085 
.00075 
.00090 
.00086 
.00075 



.00085 
.00095 
.00005 
.00080 
.00086 
.00060 
.00076 
.00105 
.00076 



.00076 
.00076 
.00076 



.00076 
.00000 
.PQ08ff 



.00108 
.00116 
.00116 
.00108 
. 00116 
.00124 



.00112 
.00108 
.00112 
.00128 
.00120 
.00108 
.00108 
.00108 
.00112 
.00120 
.00120 
.00116 
.00016 
.00112 
.00U2 
.00119 

i9on| 
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Be9ult8 of discharge ohaervationi at WiUaiCs Pointf Louisiana, etc.— CoDtinned. 



Date. 



1800. 
Mar. 5 ... 
6... 
7... 
8... 

10 ... 

11 ... 
12... 
13... 
14... 
15... 
17 ... 
18... 
19... 
20... 
21 ... 



WilsoD's 

Point 

gaase- 

readiii|2:. 



39.62 
39.70 
39.98 
40.10 
40.43 
40.47 
40.73 
40. K5 
40.88 
40.98 
40.00 
40.86 
40.60 
40.47 
40.46 



Lake 
Prov. 
idence 
sange- 
readiug. 



30.64 
39.82 
40.00 
40.19 
40.45 
40. 50 
40.75 
40.90 
40.92 
41.05 
40.67 
40.55 
40.40 
40.26 
40.23 



Wilson's Point. La. (main river.) 



Aicui 
cliHDuel 
Hection, 

1,000 
square 

feet. 



186 
191 
193 
196 
108 
199 
203 
204 
205 
200 
200 
199 
197 
200 
201 



Velocity 


Thron^b 


Over 




Slopes (on Loniaiana 
side). 


on chan- 


channel 
section. 


eHHt 
bank. 


Total. 




nel nec- 




tioii.5fe«t 


1,000 


1.000 


For 2.000 For 2,500 


per sec- 


cubic 


cubic 




ftH'taboTc feetbelov 


ond. 


feet. 


feet. 




section, section. 


5.94 


1,103 


33 


M36 


.00080 


.0011? 


«.0l 


1.146 


84 


1,1«0 


.00075 


.ooirj 


6.81 


1,122 


40 


1.162 


.00070 


. 00108 




1.143 


43 


1,186 


.00060 


.OOll-' 




1.183 


47 


1,230 


.00076 


.00100 




1,241 


47 


1,288 


.00085 


.00104 


6.62 


1.141 


50 


1,191 


.00075 


.OOlOi. 


6.54 


1,129 


50 


1,179 


.00070 


.00096 


5.67 


1,165 


50 


1.215 


.00060 


. 0«l«n» 


5.87 


1.171 


60 


1,221 


.00060 


.001011 


5.92 


1,186 


47 


1.233 


.00060 


.00104 


6.11 


1.219 


45 


1,264 


.00075 


.O0IV4 


6.06 


1, 195 


38 


1.233 


.00076 


.00104 


5.66 


1,131 


35 


1,166 


.00075 


. ()OI<M 


5.44 


1.002 


35 


1,127 


.00075 


.00104 



Be9ults of discharge observations J Witson^s Point, Louis iana^ as shottn by field compuiaiions. 



Date. 



1890. 

Mar. 24 

26 

28 

31 

Apr. 2 

3 

4 

5 

7 



Maj 



Wil- 


Lake 


son's 


Provi- 


Point 


dence 


Rauce. 


gauge. 


40.48 


40.22 


40.50 


40. 25 


40.22 


39.90 


89.75 


39.60 


39.72 


39.45 


39. 85 


39.57 


39.60 


39.40 


39. 45 


39.30 


39.45 


39. 30 


39.45 


39.30 


39.45 


39.30 


39. 40 


39.30 


39.40 


39.30 


39.40 


39. 30 


39.40 


39.30 


39. 30 


39.26 


30. 30 


39.30 


39. 25 


39.25 


39.18 


89.27 


39.22 


39.35 


39.21 


39.33 


39.26 


39.40 


39.18 


30.27 


38.95 


30. ii5 


38.50 


38.70 


3a 30 


38.52 


38.18 


38.40 


37.98 


38.15 


37.90 


38.00 


87.75 


38.87 


37.65 


37.85 



Area of 
channel 
Hei->tion, 

1.000 
square 

feet. 



Wilson's Point, La. 




201 


5.83 


200 


6.08 


199 


5.95 


100 


5.98 


196 


5.85 


197 


6.04 


196 


5.99 


196 


5.74 


105 


5.79 


106 


5.70 


106 


6.62 


102 


6.73 


102 


6.72 


102 


6.91 


193 


6.59 


196 


5.60 


194 


6.52 


194 


6.57 


196 


6.52 


191 


6.71 


192 


6.61 


m 


5.75 


106 


5.63 


196 




189 


5.48 


189 


5.43 


186 


6.63 


186 


6.51 


189 


6,38 


190 


5.36 


190 


5.17 



1.173 
1. 219 
1.186 
1.174 
1,148 
1.187 
1.175 
1.124 
1,127 
1,117 
1,103 
1. 102 
1.098 
1,137 
1,079 
3,098 
1,072 
1,081 
1,081 
1,003 
1,078 
1,116 
1.096 
1,091 
1,038 
1.027 
1.030 
1.023 
1.018 
1.017 
961 



Discharge per 
second. 



Over 
east 
bank. 



35 

35 

30 

25 

23 

23 

21.5 

20 

19 

18 

17 

16 

15 

15 

15 

14 

14 

18 

12 

19 

12 

12 

11 

9 

6 





ToUl. 



1.208 
1,254 
1,216 
1,199 
1,171 
1.210 
1.197 
1,144 
1,146 
1.135 
1,120 
1,118 
1,118 
1,152 
1,094 
1,113 
1.086 
1.094 
1,093 
1,105 
1,090 
1,128 
1,107 
1,100 
1,043 
1,027 
1.030 
1,023 
1,0!8 
1,017 
981 



Main rirer 
slopes to— 


Skipwith's Cre^ 
vasae. 


2.000 

feet 

above 

section. 


2.500 

feet 

below 

section. 


Area of 
section. 


Dia- 

char^e. 

cubir 

feet per 

seooud. 


00075 


.00100 
.00100 
.00002 
.00100 
.00006 
.00084 
.00002 
.000:2 
.00072 
.00072 
.00072 
.00072 
.00072 
.00072 
.00072 
.00088 
.00084 
.00088 
.00088 
.00080 
.00088 
.00084 
.00088 
.00002 
.00080 
.00100 
.00088 
.00088 
.00080 
.00100 
.00092 


Sq.feeL 




.00065 
.00065 







00060 






.00060 


34, 116 


64. 6:s6 


.00085 
.00070 
.00060 


40,063 


"'84.886 


.00060 
.00060 
.00060 


'30,'839 


"76.218 


.00060 






.00060 






.00060 
.00060 


40.424 


70,130 


.00045 
.00040 


42,005 


75,910 


.00045 
.00066 


41, i74 


«5,19l 


.00060 






.00<^ 
.00050 


42.507 


72,186 


.00055 






.00060 
.00060 


42,210 


65.484 


.00060 






.60050 
00060 


30.070 


43,378 


.00050 
.00060 


88,728 


37. 610 









NoTB.— The obserrr^t] diachargM at Sklpwith Creraaaeare glren in table In report of J. J. Qoopea, 
98sii«tant eifgineer. 
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FINANCIAL 8TATEMSNT. 

High-water protection of leveee. 

Balance May 31, 1889 t20;000.00 

Received by traDsfer from Lake Providence allotment 55, 000. 00 

Oeneral aerrice allotment 20,000.00 

Maintenance of works, first district 27,250.00 

Lake Bolivar allotment 5,000.00 

By overpayment of voucher .i. - 3.00 

127,253.00 
Expenditures apportioned for — 

Administration and office expenses $1,474.23 

Material for protection 59,533.20 

Sabsistence 5,262.98 

Transportation and travel expenses • 639. 62 

Steamer expenses 11,262.68 

Labor on protection 48,332.86 

126,505.57 

Balance June30, 1890 747.43 

All of which is pledged. 
Amount that can be profitably expended in fiscal year ending June 30, 1892 flO, 000. 00 

PROTECTION OP LBVKB8— THIRD DISTRICT. 

Financial itatement. 

Balance May 31, 1889 $3,701.57 

Kxpended and apportioned for — 

Administration and inspection 1**^3.56 

Material for repairs and protection 1,642.23 

Labor for repairs and protection 1,646.00 

MisoellaneoQs 19.78 

3,701,57 



OBSBRVATIONS AND DISCHARGES. 



DiBoharge measurements were made by Assistant Engineer Tollingor at Wilson's 
Point, in Jnly, 1889. The field computations gave the following discharges : 



Date. Point Diacharge. 




1880. Feet. Oubiefeet. 

July 3 29.20 85«,000 

July* 28.87 861,000 

Julys 28,80 702,000 

Discharge observations, during the flood of 1890, were made at Wilson's Point, La., 
Arkansas City, Ark., and at the several creva8.9eB. A report on these observations, 
with tables of results, is given under the heading '< High- water protection of levees 
and the flood of 1890,^' which see. 

OBSERVATIONS AND DISCHARGES, THIRD DISTRICT. 

Financial etatcment. 

Balance May 31, 1889 $82.38 

Expended for— 

Fuel $41.50 

Stationery 40,88 

82.38 

.Amon^t th^t C9Q be profitably expended in fiscal year ending Jnne 30, \f^, 5, 000. 00 
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GAOGBS) THIRD DISTRICT. 

The river gauges in the third district, at ClarendoD, Ark., Arkansas City, Ark., 
Greenville. Miss., and Yazoo City, Miss., have been maintained and read dnring the 
year and tne weekly gauge reports forwarded to the Secretary of the Commisston for 
computation. 

Financial statement. 

Balance May 31, 1889 r- :.... $1,229.65 

Expended for— 

Pay of observers |720.00 

Traveling expenses 10.75 

r.M).75 

Balance June 30, 1890 498.90 

In treasury 300.00 

In hand 198,90 

498.90 

Less liabilities : IdO.OO 

Available balance, June30, 1890 318.90 

Amount that can be profitably expended dnring fiscal year ending June 30, 
1892 11,000.00 



LEVEES. 



The only work done in levee- building during the year was in enlarging a weak 
place in the levee south of Lakeport, Ark., 8,419| cubic yards of earth being hero 
a<lded to the levee. The work was done by Mr. £. Hyner, under verbal agreement, 
at 18 cents per cubic yard. 

LEVEES, TENSAS FRONT IN ARKANSAS. 

Financial iiaiemcHt. 

Balance May 31, 1889 $2,057.79 

Expended and apportioned for — 

Administration and inspection $488.41 

Repair and enlargement 1, 515. 51 

Subsistence 15. :J0 

Miscellaneous 38.57 

2,057.7T» 

Amount that can be profitably expended in fiscal year ending June 30, 

1892 2,000,000.00 

For levees Yazoo front: 

Amount that can be profitably expended in fiscal vear ending June 
30, 1892 1,000,000.00 

LEVEES, SECOND MISSISSIPPI DISTRICT. 

Financial statement. 

Balance May 31, 1889 1.649.32 

Expended for — 

Repairs to levees $113. 64 

Transferred to surveys, examinations, and inspections 1, 535. 68 

l,649.:e 

LEVEES, YAZOO FRONT, BEN LOMOND HOOF. 

Financial statement 

Balance May 31, 1P89 613.78 

Transferred to surveys, examinationsi and inspections. ,,,,,,.,,,.•,,,, 6X3, 73 
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SUBVXYS, EXAMINATIONS AND INSPECTIONS. 

A list of the snrveys made duriug the year previons to May, with a description of 
the lesnlts foand, is giyen in the following report of Mr. Fred Spalding, surveyor. 

Two partieti were sent out in May, one to Lake Providence Reach, under Mr. Will- 
iam P. Richards, draughtsman, and one to the Greenville Bends, under Mr. Fred 
Hpalding, surveyor, to locate the shore-lines, for comparison with previous surveys. 

Maps of Lake Providence Reach and of the Greenville Bends, showing changes in 
the shore-lines to May, 1890, and of Greenville Harbor are herewith. The survey of 
Greenville Harbor made in October and November, 1889, showed that the dikes con- 
structed in 1887 were in good condition and that no change had taken place in the 
8hore*line. 

Rapid caving is going on at Caulk's Point, at the Greenville Bends, and at several 
points in Lake Providence Reach. 

Cnt-ofis are more or less threatened at Caulk's Point and at the several Greenville 
Bends ; but no immediate danger from caving exists, except at Ashbrook Point. The 
distance across the neck from Georgetown Bend to Miller's Bend was, in 1882, 4,000 
feet ; in July, 1890, 2,700 feet ; and in May, 1890, 2,400 leet. 

Caving is most rapid during the time the river is falling from a high to a medium 
stage. As the river is still high, it is probable that very rapid caving will occur dur- 
ing the nexi few months, and that the distance above eiven will be considerably re- 
duced by the time revetment work could be begin in the fall. 

A oat-off here would prove extremely irgurions to the river, to existing improve- 
ments below, and to riparian interests. To surely prevent it work should be begun 
at once, and funds for properly revetting the pan of the bank in Georgetown Bend 
immediately in front of the narrow neck should be allotted from the very next appro- 
priation. If this is not done, the failure of the river and harbor bill for one or two 
succeeding years may delay the work so long as to permit the threatened cut-off to 
take place. 

The United States should, I think, acquire title to the land comprised in the several 
necka, so that they can be kept covered wijbh a thick forest growth, to check the cur- 
rent running across the necks in time of liiu[h water. As a inrther protection against 
cut-offs a high, strong levee should be built along the axis of each neck, to entirely 
prevent the water from running across it. 



REPORT OP MR. FRED. F. SPALDING, SURVEYOR, ON SURVEYS, EXAMINATIONS, AND 
INSPECTIONS MADS DURING THE YEAR ENDING MAY 31, 1890. 

Snrvevs have been made in the following localities : Lake Bolivar Front, Caulk's 
Point, the Greenville bends, Greenville Harbor, Lake Providence Reach. 

LAKE BOLIVAR FRONT. 

An examination of Lake Bolivar Front was made in June, 1889, with soundings over 
the revetment work for the purpose of determining the position and eonditiou of the 
work, a report of which, with map, was at that time submitted. 

caulk's point. 

The survey of the river in vicinity of Caulk's Point, Arkansas, was made in June, 
1889, for the purpose of showing the changes \> hich have occurred in shore-lines since 
the snrvey or 1881-'82, and to determine the probability of a cut-off* across the neck. 
As was shown by the measurement of this neck, given in the last Annual Report, ifs 
width has been reduced from 5,800 feet in 1882 to 3,900 feet, with rapid caving still 
in progress in the most narrow part. Although the ^onnd here is quite low, the 
neck is so fully covered by thick forest growth that it is not thought any considera- 
ble current could exist across it at high water. 

The length of caving bank to be protected in the bend above the neck, to prevent 
the making of the cut-off, is at present above 2i miles. The survey was not ex- 
tended above this bend, and no examination of the river has been made to determine 
the probable permanence of the existing^ conditions. 

The map of this survey, already submitted, ^ives shore-lines of 1882 and present 
shore-lines from Wildwood Point to Catfish Point, a distance of about 18 miles, aii«l 
shows soundings in the bend above the neck and location of the work upon Bolivar 
Front. 
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THE OREEKVILLB BENDS. 

The Greenville bends con6i8t of five contiguons bends, beginning a short distance 
below Arkansas City, Ark., knd extending aboat 40 miles to a point a few miles be- 
low Greenville, Miss. These bends are separat-ed by fonr narrow necks of land, tbt* 
cutting throngh of each of which is, to a greater or less extent, threatened by caving 
banks above. 

In the npper or Ashbrook neck the width since 1882 has been diminished from 
libout 4,000 feet to about 2,700 feet, and present conditions are favorable to a contin- 
uation of the caving at a still more rapid rate. The upper bank is of light material, 
iind the current in the bend above strong and close against it. 

The locality of rapid caving extends at present for some distance above the narrow 
part of the neck, and as the caving in t^e bend above Oftutt's Landing tends to throw 
it lower in Georgetown Bend, it will continue to strike the wciUl point with increas- 
ing force. The caving bank requiring protection begins at Offutt's Landing and ex- 
itHids about 4 miles around Georgetown Bend. 

In Rowdy Bend the caving bank begins at Gaines's Landing and extends about 4 
• miles down the bend. Below this point some caving occurs, but to a minor degree. 

The least width of the Panther Forest Neck is 8,0^ feet, and the caving since I88ti 
amounts to about 1,000 feet. The large Panther Forest levee, however, is within 
about 1,000 feet of the bank at the point of most rapid caving, and will soon be placed 
in danger. 

In Miller's Bend the caving is slight, especially in the vicinity of Tarpley Neck, 
which is about 4,100 feet wide. The land is high and under cultivation. 

The Leland Neck is high ground and under cultivation, but little caving is taking 
])lace in the bend above, in vicinity of the Neck, although at a point higher up, be- 
tween Linwood and Pastoria Lauding, it is considerable. 

Maps have been already submitted of this survey, showing on small scale (1 : 300,000} 
the shore bar and levee lines of the entire reach, and on larger scale (1 : 10,000) sep^ 
urate sheets giving soundings in the three npper bends. A map will also be submitted 
with this report snowing changes in shore-lines to the present month. 

As the water is still at a high stage, it ts proper to notice that this map will not 
represent the full effect of the present high-water season, which will be greatest dur- 
ing the time of falling to medium stage. 

GBKENVILLE HARBOR. 

A survey of Greenville Harbor was made in October and November, 1889, to show 
the condition of the dikes and their efifect upon the channel depths. A map of this 
survey was at that time submitted. 

LAKE PROVIDENCE REACH. 

Caving has continued on the head of Sarah's Island and in the lower part of JLon- 
isiana Bend. Heavy caving has taken place on the front of Island 92. A consid- 
erable portion of the npper part of Skip with's Tow-head has washed away. 

At Wilson's Point the caving is less rapid than formerly, and at Mayers vi He \t ii^ 
lower down, with a tendency of the main channel to take the west side of the mid- 
dle bar. 

At and below Longwood, La., heavy caving continues, as also on the Mis8is8ii)pi 
side near Shipland Landing. The maiu channel has been transferred from the Lou- 
isiana shore to outside the middle bar below Dessoua Landing. A map will be pre- 
sented with this report showing changes in shore-line to the present month. 

Soundings over the newly completed work in Louisiana Bend were made in De- 
cember, 1889, for the purpose of comparison with like soundings to be taken after the 
present high water has subsided. 

The surveys made in May, 1890. show recent changes of shore-line at Lake Provi- 
dence Reach and in the Greenville bends. Maps of these surveys iire herewith sub- 
mitted ; they show in general a continuation of the conditions already stated. 

LAKE PROVIDENCE REACH. 

On the point at head of Sarah's Island the width of caving since the survey of May. 
1^89, is about 1,200 feet, causing the current to strike the b.anks correspondingly 
lower in Louisiana Bend, and changing to some extent thelocatiou of caving. 

The caviu]^ in Louisiana Bend during the last year has been mainly below the 
landing at Pilcher's, in and below the head of Old River; it extends lower than is 
shown by other recent surveys, and is heaviest near the lower end, reaching amaxi- 



APPENDIX W W — REPORT OP MISSISSIPPI RIVER COMMISSION. 3287 

mnni width of aboat 1,000 feet and ayeraging about 600 feet for a distance of 2^ miles 
below the end of the revernient works. 

As the caving still continnes rapidly on Sarah's Island, it is evident that caving in 
the bend will go lower, and make it necessary that the revetment be carried through- 
out the bend to a point at least 3 miles below the end of the present work. On Island 
1)2 the width of cavine is about 300 feet, and extends a distance of 1^ miles. 

A piece of Skipwitlrs Tow-head about 1,500 feet wide has been cut off; at Mayers- 
ville and below the caving averages about 200 feet wide for a distance of 2 miles. 

A small caving is shown Just below Homochitta Landing, due no doubt to the 
change, already noted, of the main channel to the west side of thebar opposite Mayers- 
ville, and showing the tendency to a shifting of the scene of caving from the vicin- 
ity of Mayersville to the bank just above and at the head of the baleshed dikes. 

From Longwood to near Lake Providence the caving during the yeai^an^es from 
about 300 to 600 feet in width for a distance of 4 miles, and at Shipland Point it is 
about 500 feet wide and 1 mile in length. 

THE ORBKNYILLK BENDS. 

In Georgetown Bend the maximum caving is shown to be in the narrow part of the 
Ashbrook Neck, which has decreased in width by over 300 feet since the survey in 
July, 1889, leaving an effective width of about 2,400 feet. The extent of caving is, 
as stated, about 4 miles. 

In Rowdy Bend the principal caving reaches an average width of about 200 feet, 
and the distance to the Panther Forest Levee from the edge of the bank has de- 
creased to about 800 feet. 

At the time of making the survey in Rowdy and Georgetown bends the water was 
Htill near the top of bank in the concave portions, the process of caving was in full 
operation, and it seems probable that the new lines given do not by any means rep- 
resent their probable position at the next low-water season. 

In Miller's Bend the caving for the season is more than was anticipated at and be- 
low the Tarpley Neck, having reached an average of about 200 feet in width and 
reduced the width of the neck to 4,000 feet. In the upper part of the bend the caving 
is slight. 

There has been no considerable caving in Spanish Moss Bend during the season, 
except at the lower end. at Point Chicot, where for a distance of 2 miles it has an aver- 
age width of about 400 feet. 

In Bachelor's Bend the head of caving is somewhat lower than formerly, on account 
of the rapid caving at Point Chicot. It begins about 1 mile above Barnes's Landing 
and extends to the protection work at Greenville, a distance of 2^ miles, with an 
average width of 300 feet. 

No caving has taken place in vicinity of the dikes in front of the town ; above them, 
however, and below those more recently placed, as well as between the two upper 
(likes, the bank has caved in pockets. 

The caving from above has also gone behind the upper mattress and taken the 
bank from nnder it. 

Indications at present are that unless the work be extended above to protect the 
upper part of the bend caving from that direction will get behind and undercut the 
work now in place. 

FINANCIAL STATEMENT. 

Surveys, examinationst and inspeotiona. 

Balance May 31, lft89 f-i,685.7fi 

Received by transfer from levees Yazoo Front, Ben Lomond Hoop 613. 7S 

Received by transfer from levees second Mississippi district 1, 535. (>8 

Received by transfer from Lake Bolivar Front 3,000.00 

Total 7.8ii5.22 

I^^xpenses apportioned for : 

Administration and inspection $3,966.35 

Steamer expenses 3,231.01 

Subsistence 500.22 

Miscellaneous 75.38 

7.772.96 

Balance on hand June 30, 1890 (all of which is pledged) 62. 2(» 

Amount that can be profitably expended in fiscal year ending June 30, 1892 10, 000. 00 



3288 BEPOfiT or TfitS CHt£F OP £NQIKE£!B8, tS. 8. Akhtt. 

During the year ending Mhj 31, 1890, there have been no new traQsportation lines 
established, nor any addition to the tonnage of any of the cities contained in this 
district. 

Maps, lists of civilian engineers employed on work of river and harbor improve- 
ment, third district, and list of plant belonging to the United States, and .used upou 
Mississippi River, third district, with its approximate value. May 31, 1890, accompany 
this report. 

Very respectfully, your obedient servant, 

W. Young, 
Captain of Engineers, 

Col. C. B. COMSTOCK, 

Corps of Engineers, Bvt Brig, Gen., U, S. A,, 

• ' President Mississippi liiver Commission. 



Approximate value of plant belonging to the United States at^ used upon the Mississippi 
River, third district, May 31, Ir>90. 



Class of property. 


No. 


Approximate 

vHlae. May 

31,1800. 


Class of property. 

1 


No. 


Approximate 

valacs Mav 

31,1800. ' 


Steamboat JSmma Mthsridgs . . . 
Steam-boat Osceola 


1 
1 
1 
1 
1 
5 
1 

10 
3 
2 

33 


10 


$13,500 

10.800 

9,400 

4,000 

C.0O0 

7,500 

2.000 

10,000 

1,500 

24.000 

23,100 

1.800 

16,000 


ICacbine shop (with outfit) .... 
Carpenter shop (with ontflt) . . . 
i Pile drivers and machinery... 
Small scow 


1 
1 

16 
1 
7 

42 


$3,000 
600 


Hteam-boat Vidalia 


16 000 


St«am-boat Meter 


"W 


8t«*m-tQfr Parker 


Tawls 


2111 


MattresB-boata 


SkiflW 


est} 


Quarter- boats 


Tools and annllasces 


1 90t} 


( iparter-boats (with ontflt j 


OiHce furniture, safe, etc 




:fui 


(, narter-boats (with otttflt) 


Mfinge drwlg© 


1 

a 


30 000 


Hydntalio grsders 


Dump scows 


lO.OOi) 
2,000 


liarfcea (square decked) 


Survevintr instruments 


Barjtea (square docked) 

Barges (model) 


Total 






192, 360. 00 




1 "* 



List of civilian engineers cnphged on work of rirer and harbor improvement in charge of 
Capt. William T. Rossell, Capt. S. 8. Leach, and Capt. W, Young, Corps of Engineers, 
from Mag 31, 1889, to Mag M, 1890 {inclusive), under the river and harbor appropria- 
tion act approved August 11, 1888. 



Name and reeidence. 


Time 
em- 
ployed. 


Compen- 
sation per 
month. 


Where employed. 


Work on which employed. 


Arthur Hlder, Louis-. 
viUe, Ky. 

H. St L. Coppfie, ^ 
Vioksburg, Miss. ' 

B. 0. Tollin_ger, 
Wriffhtsdale.Pa. 

Benry Goodrich, i 

John J. Hoopes, Arhan- 
sas City, Ark. 


Jf.D. 


rioo 

200 


Ashton^La 

Greenville. Mlsa.. 


Charge of repairs to plant and aare of 

property. 
Protection of leveeadnrinehigh water. 
Revetment of Louisiana Bend. 
Building dikes In GreenviUe Harbor. 
Renalring revetment Lake Bolivar 

RepaiHng dam and dike in Viekabnrg 

Harbor. Charge of dredging. 
Revetment of Louisiana Bend. 
Repairs to plant and ohaige of prop- 


2 5 
2 22 

6 8 


200 
175 
175 
175 

175 

160 
160 


GreenTiUe, Miss.. 

A8hton,La 

Greenrille.Miaa.. 
Bolivar, Miss 

Yicksbur8,Mi8S.. 

Ashton.La 

Greenville, Miss- 




160 


Arkansas City, 
Ark 


Protection of levees during high water. 


1 16 

2 22 
2 8 
2 

• 


175 
176 
175 
150 


Ashton.La 

Grsnd Lake, Ark. 

Raleigh. La 

Arksasas City, 
• Ark. 


Levees Tensas Front. 

1>0. 

Protection of levees dnringhigh water. 



L 
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Appendix I: 

leport op captain dan c. kingman, corps of enoinkbrs, upon operations 

in the fourth district. 

United States Engineer ,Ofpicr, 

New Orleans^ June 13, 1890. 
Colonel: I have the honor to trau^smit herewith my anatial report for ^orks 
nider my charge in fourth district, MlsHiaaippi River, for the period from July 1, 
L889, to Jane 1, 1890. 

Very reHpectfnlly, your obedient servant, 

Dan C. Kingman, 

Captain of Engineers, 
Col. C. B. Comstock, 

Carps of Engineers f U. S. A.y 

President Mississippi River Commission. 



the construction op levees on the TENSAS FRONT, FOURTH DISTRICT. 

At the date of my last annual report but little work was in progress in levee con- 
itrnction. The Hard Times-Wilson Levee was under contract and was about three- 
quarters completed. Work upon this- levee was carried on by the contractor until 
the 7th of Febraary, 1890, when the levee was reported finished. It was inspected 
»nd received by me February T^ 1890. It was a very large levee, containing 710,163 
3ubiG yards of earth- work, and, including protectiouAevees and drainage-ditches that 
weve required to be made during its construction, it was necessary to move 798,787 
subic yards of earth. The length of the levee wus 53,564 feet, and including protec- 
tion-levees it was 60,610 feet. It was the largest single levee ever built by the United 
States on the Mississippi River. The country through which it is constructed was moch 
»f it Hwampy and covered with heavy timber. It was also cut up by lakes and Hlonghs 
in such a way that the location was a very difficult one to make. For a portion ot its 
length the levee ran upon a ridge between two lakes, which ridge was so narrow that 
there was barely room for the levee to rest upon, and in order to secure earth to 
build it with it was necessary to cut a very long ditch out to the river to partially 
drain these shallow lakes and uncover the ground upon which the barrow-pits could 
be placed. At one place the levee had to cross a channel which connected two of 
these lakes. It was believed that the bottom of this channel would fortti a very ira- 
pei*fect foundation, and to make the levee secure it was necessary to construct two 
dams across the channel, at a proper distance apart, in order to form, a coffer from 
which the water could be pumped. After the water was pumped out the logs and 
fallen trees were removedifrom this base and two muck ditches were excavated and 
afterwards filled with good soil. Upon the foundation thus prepared an exception- 
ally Htrong levee was erected. It withstood the flood without injury at this place 
%nd without serious settlement. It may now be considered safe. 

In the latter part of January, 1890, the bank of the river at Point Pleasant, a mile 
or two above Hard Times- Wilson Levee, began to cave very rapidly and threatened 
to breach the levee at that point, and so to flank the new levee. To prevent this, it 
was proposed to construct a new levee at a considerable distance in the rear of the 
old. one. Its construction was commenced by the contractor of the Hard Timee-Wil- 
aon Levee in February, but owing to the heavy rains and the trouble with seepage 
water, he made little progress and finally suspended work. Nothing is beiuff done 
there at present, and the United States inspector has been temporarily withdrawn. 

THE PROTECTION OP LEVEES DURING HIGH WATER. 

As there was a small sum available for the protection of levees on the Tensas Front 
during high water, I caused an examination of all the United States levees in my dis- 
trict to bft made during the months of November and December, with a view to as- 
certain where repairs were necessary. A line of levels was run over them all and the 
result was generally very favorable. But few of the levees were found below grade, 
and these only for comparatively short distances. The Hard Times Levee where it 
cirosses the bed of Lake St. Joseph was low. Some portions of Evergreen Levee were 
also low and the same was true of Kempe Levee. Arrangements were accordingly 
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made to hare these leveee laiaed to the proper height. Work at Lake 8t. JoeepL : 
commenced the latter part of February and completed in March. On Kempe Lr 
work waa commenced in February and ithaa not yet been entirely completed, ow 
to the high stage of the river, which rendered it impossible or very expensive !•> 
' Bi 



earth. But the force of labor which had been gathered to repair this levee 
to very good advantage subsequently to protect it from the nood. Nothing has 
been done at Evergreen in the way of permanent repairs. On the 12t.b of March, > 
I received telegraphic information that $25,000 had oeen allotted to me for proter^ 
of levees on the Tensas Front. I accordingly sent the steam-boat General Nevcion, « 
a barge in tow, in charge of Assistant Engineer H. S. Douglas, to the Tensas Fr 
Tbe barge waa loaded with sacks, lumber, tarpaulins, chains, twine, nails, et-c.. i 
used for tbe protection of levees. At Simmesport I joined the boat myself, apd I ii.- 
there to the cargo a large number of wheelbarrows and shovels, and proceeded to m^ 
an inspection of levees on the Tensas Front. My plan was to aid the people in pn^' 
ing the levees, to make as mucli use as possible of the local organizations for K 
purposes, and to employ local labor to do the necessary work. I endeavored, «! 
the planters were able to do so, to induce them to furnish the necessary labor U' 
tect their own fronts, the United States furnishing material and such tools and *-l. 
neering assistance as was necessary. Where the work was of considerable magnit: 
or where it was inaccessible or a long distance oway from the plantations and pl»^- 
where the laborers lived, I then hired the forces, and if necessary furnished r; 
with tools aud subsistence. At this time the river was falling a little, and tbertr 
peared to be no immediate danger, but 1 was satisfied that when the Yazoo i^> 
returned to the river that it would cause a second rise which would probably ei- 
the first. In the mean time the Morganza Levee, in Pointe Coup^ Parish, had '^r 
reported in a dangerous condition, and funds for its protection had been providm 
the eommission. I accordingly telegraphed to New Orleans to have niaterial shif - 
to Red River Landing, aud directed Assistant Engineer W. O. Price to receive it 
distribute it where needed, and for this purpose to make use of boats and barge- 
longing to the Atchafalaya River improvement. Other funds were afterward y 
videdby the Commission to be used for protecting levees, a:enerally in tbe fonrrb 
trict. aud soon after all the restriction as to the use of money for levee prote<; 
was removed. 

I returned to New Orleans March 20, and theie chartered the steam-boat Par 
which I loaded with tools, material, etc., and proceeded to Pointe Coupee to as« -' 
maintaining the levees upon this front, which I regarded as the most exposed of \i 
all. I knew that a lar^e amount of water had escaped into the Tensas tbrongb 
breaks in Arkansas and North Louisiana, and I knew that a portion of this v^ 
would return to the Mississippi at the month of Red River, and would be sop«^T{>» 
upon the Yazoo flood- wave, and I felt sure that it would give a flood of extraordis- 
height. I met the president of the police jury at Pointe Couple and went with i 
to inspect the levees in the parish. I found some work in progress there under l 
direction. He, as well as the people generally, seemed to be under the inipreti>: 
that the United States had taken charge of all the levees on the river and that rl- 
had nothing more to do. This impression gave me no little trouble to remove. Pex 
seemed to think that the danirer was all over and were unwilling to leave their fat 
to work on the levees even when paid to do so. This unfortunate apathy caoeed ; 
loss of much valuable time. When the second rise4n the river made itself maoi:- 
the people again became alarmed, and|af ter that I had but little trouble in procuriD^^ . 
the labor that was necessary. The people as a rule then worked very hard and 7 
ready and anxious to carry out my instructions. I was rather surprised to find thut '• 
little was known among them as to the proper method of protecting levees, and z - 
number of cases I found them doing work which if not positively injurions did linl- 
no good. The ^eat trouble with the Pointe Couple system of levees was that theyav 
too low from Smithland to Point Manoir, a distance of about 40 miles. The lev- 
were nearly all low, and there is scarcely a mUe in the whole distance npon whi< 
was not necessary to do more or less work. 

In order to properly protect the levees on the Mississippi River in the northern p 
of Pointe Coupee Parish, it was necessary to extend the protection through to* 
Atchafalaya and down this river on it3 left bank as far as the levees were good. ' 
breaks in the Atchafalaya system of levees would allow the backwater to come agai :- 
the Mississippi line, and in this way would cut off the supply of earth for repairi . 
them. Tbe backwater would also weaken them by saturating their bases. I th^- 
fore furnished some labor and material for this purpose. The material supplied 
use in the Atchafalaya was 12,300 feet of lumber and 7,200 sacks, and labor to r 
amount of $50ti.87 was paid for. A great deal of additional labor was fbmi^e( 
the planters who were interested in holding this line. The work was not 8ncce>< 
Before the flood had reached its extreme height numt^rous breaks had occurred ir :' 
Atohafalaya levees below Bimmesport, and the backwater caused no little trouM^ 
the Mississippi line above Mcrganza. From Barbre's, at the head of the Atchafrih 
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and along Old River to Smitbland, a distance of aboat 9 mileSr the levee was gener- 
ally good. It bad been bnilt in part by the United States ; some labor, however, was 
uecessarv to repair leaks, sloughing places, and to raise it where it was low. Four 
I bonsand sacks and abont 3,000 feet of lumber were furnished by tbe United States for 
this porpose, and $351.69 was paid for labor. The work was directed by Mr. J. Tor- 
T'Mi for the United States. 

From Smir bland to Raccourci Landing, a distance of ahout 13 miles by the levee, 
the line is a long distance back from the river, as it passes around to the westward 
of Racconrci, Old River. This levee had been huilt in part by the United States and 
t he remainder by the local authorities. It had been raised recently by the State and 
was generally high enough, but it developed a good many bad places during high 
water, and a good deal of work was done on it by the planters. The United States 
furnished for the protection of this levee 1,000 sacks and paid $400 for labor. From 
Raccoaroi to Morganza, a distance of about 5 miles, the levee was very high and very 
much exposed, being near the river bank. A great deal of work was necessary upon 
this portion of the line; most of it had to be raised, and very many leaking and 
Hloughing places developed in the levee, due to the fact that its slopes wdre too steep ' 
lor the material of which it was constructed. Work on this portion of the line was 
under the immediate ohatge of Mr. Bourgeois. Fourteen thousand nine hundred 
sacks, 18,520 feet of lumber, and 150 ponnd^ of nails were furnished by the United 
States for this work, and $1,601.13 was paid for labor. Tools were also loaned by the 
United States. The line was succe^ully held, but it required the utmost efforts of 
those in charge of it, who worked incessantly day and night during the storm. The. 
Morganza Levee, which was 8,000 feet in length,* as before stated, was of good prodle, 
but of insufficient height, and bnilt of sand, which leaked very badly. When the 
water was near the crown of the levee a walking-stick could be thrust into tbe bank 
with very slight pressnre and water wonld come through the hole. One great trouble 
at this levee was due to the fact that the public road passed behind it, and w^hen the 
roail hecame muddy people traveled on the top of the levee, and the large number of 
animals that passed over it injured the rear slope and increased the difficulty of main- 
taining it. When specially bad leaks appeared earth was dumped into the river upon 
the slope, until the width of the crown of the levee was sometimes increased as much 
as 30 feet. This always had the desired effect, but it was very expensive, because the 
earth had to be bronght in wheelbarrows, and the nins were neces^^arily very long. 
As the river rose it became necessary to raise the whole 8,000 feet of levee from 1 to 2 
feet. Fourteen thousand six hundred sacks, 71,600 feet of lumber, 2,000 yards of cot- 
ton bagging were used on this work, and $6,364.15 was paid for labor. 

Below Morganza is situated the Grand Levee, a very line structure, built by the State. 
It was a little over a mile in length. It was constructed of good material and gave no 
trouble during the flood, except that it lacked height. It was necessary to raise it 
about a foot for its entire length. Four thousand three hundred sacks, 12,000 feet of 
lumber, and 250 pounds of nails were furnished by the United States for this purpose. 
Four hundred and ten dollars and thirteen cents was paid for labor. In addition to the 
work done in this portion of the line by the United States a good deal of work was done 
by a volunteer force that came on the steam-boat Wheclock, I understand, from the 
country about Grosse Tete. No break occurred in this line. From lower end of Grand 
Levee to the Scott Levee, a distance of abont 6 miles, the line was generally low and 
generally bad. Portions of it had beeu recently raised by the State, but the now 
earth was not well sodded, and much of it was washed away by the waves. It was 
necessary to secure all this by a plank revetment, and to raise the other portions of 
the levee from 1 to 2 tect. For this purpose the United States furnished 21,300 sacks, 
r)l,025 feet of lumber, 575 pounds of nails, and loaned a large number of tools. The 
United States also paid for labor to the extent of $1,262.H2. A good deal of work 
along this line was done by the planters, for which, I understand, they were re-im- 
bursed by the parish. The Scott Levee, about 1^ miles in length, was a very fine 
piece of work, and was built by the United States. It was of ^ood material, but it 
lacked height to withstand the flood. It was necessary to raise it along its entire 
length. Near the lower end of it for a distance of 500 or 600 feet it crossed the bed of 
an old slough. It had given a great deal of trouble while it was being bnilt by 
Hettling. and the settling has never entirely ceased. It was particularly low at this 
])oint, and a good many leaks developed here. They were all controlled, however, 
and the levee was saved. Seven hundred and fifty sacks, 11,900 feet of lumber, ancl 
'20 pounds of nails were used on this line, and $1,571.77 was paid for labor. Below 
this levee for about a mile to the St. Francis Church there was a double line of levee, 
OS at Point Manoir. Upon my advice the president of the police jury admitted the 
water into this basin gradually and in time to save the back levee, although the 
back levee developed a bad leak, which required a day and night of very hard work 
to control. From St. Francis Church to Grand Bale levees, a distance of ahout 8 
miles, the levee was geniTally very low and very bad. With the exception of two 
large dikes at Waterloo it was a small bank, the natural ground being very high, 
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and it would not average over 5 or 6 feet in height, It was all too low, and had * 
he raised throughout its entire length from 1 to 2 feet. For this purpose the Uu.: 
States furnished 34,650 sacks, 37,345 feet of lumher, and 225 pounds of nails. Ti. 
were loaned for this work. The United States paid for labor $2,553 and tbe pai - 
also contribnt>ed a certain amount. This line was breached, as has been etated 
three places, which breaks hare since been closed. The Waterloo dikes were near. 
30 feel in height across the upper end of Fausse River. These dikes developed $ . 
of weakness during the flood, becoming very soft and muddy near the baae of ' 
land slope, where it was very difficult to strengthen them. The method adopted e 
sisted in building a retaining- wall of sand-bags across the slough inside of the •' 
and at a proper distance from the toe of the slope, and filling in between this > * 
earth in such a way as to re-enforce the bank by a heavy banquette. The result ot t 
work was successful and the dikes were held. 

From the Nina plantation to Point Manolr, a distance of about 2 mi lea, wa^ ^ 
nated the Grand Bale Levee. This had all the defects that a levee oould bave. 
was low, it was exposed in places to wave-wash, it was built of poor mater '. 
and it had been perforated by crayfish holes, overgrown by bushes, and pierce*! 
the roots of trees that grew on the batture or in its river slope. It gave troable u 
the time the water cauie against it, and a good deal of work had been done npoi 
by the planters or the parish before the United States took charge of it. It was De- r- 
sary to raise it, to strengthen it, and to resort to a great many devices to stop le^- 
A line of light sheet-piling was tried to cut off crayfish-holes ; it succeeded in !ml 
cases, but could not be generally used on account of the bushes and trees on the ti> 
slope. This line was held, but it required constant watching and labor. TheL-D:* 
States furnished 5,000 sacks, 25,554 feet of lumber, and 250 pounds of naibf for * 
work, and paid |1,059.45 for labor. 

The Point Mauoir Levee has been fully described elsewhere. The work done n; 
it by the United States cousiHted in raising it and stopping leaks : 2,000 sacks. r>.: 
feet of lumber, 100 pounds of nails were used on this work and $868.65 was paid * 
labor. This levee was broken and partially destroyed. From Point Manoir to r> 
Allen, a distance of about 22 miles, the levees were situated in West Baton K>'.. 
Parish. They were generally well cared for, were in good condition, and bnt 1"*' 
assistance was required from the United States. Six thousand sacks were fnrni-L 
to the president of the police jury for use at such points on this line as he thoi:. 
necessary. They were distributed by him, the greater part of them going to Pi.: 
Manoir. One thousand sacks were put off at Brusley Landing below Baton Kougt^ ui 
were used at this place. From Baton Rouge to New Orleans the levees 'were \h 
much better condition than in'Point Coupee. Moreover, there was a line of railriu 
on each side of the river and these roads had a vital interest in maintaining the Ivr 
They furnished a very large amount of material for levee protection to the plantr 
along the line, and I understand that they furnished labor wherever it was neces:-;.: 
to prevent a break or to strengthen the levees. For this reason no work was neceKS-^: 
by the United States here. Four thousand sacks, however, were delivered to:^ 
president of the policejury of Iberville Parish at Plaqneminefor use inthisvicici: 
The only breaks which occurred in the levees between Baton Rouge and New Orlea. ' 
were the Martinez Crevasse, which was since closed, and the Nita Crevasse. Be' • 
the city the levees were generally small and they protected, as a rule, only a narr- " 
strip of country. As in the case of the levees above New Orleans, there was a 1- 
of railroad on each side of the river which was directly interested in maintain :'.. 
the line. No assistance was asked from the United States for these levees exi-r; 
where crevasses occurred, and aid was then furnished to close them. The price <:i:; 
erally paid for labor was 10 cents an hour, but on Morganza, where a train^ f om- < : 
levee builders was employed, the price was 15 cents an hour. 

In addition to the work that was done below the mouth of Red River, aUn: 
$21,000 was expended for labor for a similar purpose on the Tensas Front, and j«r - 
|7,000 worth of levee material was used here. For a full description of the kind an ; 
quantity of work done, I would refer to the report of Assistant Engineer H. 8. Doi.;: 
las, who was in local charge of this portion of the line. 

My experience in protecting levees during this exceptionally high water has V 
me to think that the levees, might be made more secure with but little increase in xh ' 
total cost. The levees around the head of the bends are very much more expo$>eii ; 
wave action than those along the sides of the straight ridges. The former iiul'. 
well be made exceptionally strong at the expense of the latter. They ought to '« 
given 2 or 3 feet additional height to make them secure against the action of ti' 
waves. Where levees are constructed of sand, which should be avoided if possiM 
a flatter slope than 1 on 3 is necessary to make them safe. Where levees are built •< 
a foundation of doubtful character it ought to be fully explored. A muck-ditch iniu- 
wider and deeper than the standard one should be adopted and used, and if logs i : 
rack heaps are discovered under the base of the levee they should be removed for a: 
least half the width of the base. Good drainage on the land side of the levee i^ i 
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latter of very great importance. No water should be allowed to come against tlio 
»aae of the levee on this side. This point alone often will be safflcient to determine 
v-hether a doabtftil levee can be held or not. In the sngar parishes, where the line is 
(rell drained, the levees, though actually of weaker profile than they are above, were 
a niach better condition this year throughout the period of high water. No trees dr 
>ruBhes should be suffered to grow upon the levees. The best covering they can have 
9 a good sod of Bermuda grass. The use of the levee as a public road is objectionable 
luless it is given a width of crown of not less than 20 feet, and proper care taken to 
aaintain its height by adding earth from time to time as it is worn away by travel. 
iamps should bo provided at Intervals so that it may not be necessary to ride or 
I rive on the slopes. There is no objection to allowing cattle aud sheep to graze on 
he levees while the water is low, for this improves the sod and keeps down the weeds, 
>ut the^ should all be carefully excluded from the levees from the time the water 
-ises to its base. Cuts in the levees for roadways for flumes, or for pipes are all serious 
lources of danger, and' they should not be permitted under any circumstances. As 
u the case of all similar works, the levees could be kept in much better condition than 
hoy now are by some regular system of anuuai repairs. To wholly neglect them till 
;lie time of high water comes, causes necessary work to be done in the most expen- 
dve and least durable manner. 

CREVASSES. 

The following is a condensed account of the crevasses that occurred in the Missis- 
sippi River below Vicksburg during the flood of 1890. The crevasses are described 
in the order in which they are situated on the river from Vicksburg down, and not 
3.ccording to the dates upon which they happened. 

The Lt3ce Concordia jBreoA;.— This crevasse is in Lake Concordia at its western ex- 
tremity. It occurred on the 22d of April at about 10 o'clock a. m. It was at a point 
where the levee was abont G feet hign, and at this time the water was about 1 foot 
below the crown. The levee had shown no special signs of weakness, but it was of 
insuflScient profile, and was subjected to a nead of water greater than it was de- 
signed to resist. It is said that a stream of water burst through the embankment 
about halfway up the slope, then the crown of the levee fell in, and in a short time 
the break was 50 feet wide. On the morning of the 23d it was 200 feet wide " with 
a very swift current washing through it and tearing its channel all to pieces." On 
the 10th of May it was 837 feet wide, with a mean depth of 13.35 feet, an averaee 
velocity of 4.21, and a discharge of 47,042 cubic feet per second. An effort was maae 
to secure the ends of the levee by driving piles. It succeeded at one end*of the cre- 
vasse and failed on the other. 

Amauldta.^ThiB break is abont 1 mile below the town of Vidalia. It occurred on 
April 23. It was due to wave wash, and it is thought that it might have been 
prevented if there had been a force to look after it, but the people were alarmed 
by the Concordia Crevasse, and were all engaged in saving their property, and no 
labor was to be had. The break on May 11 A\as 455 feet wide, 2.42 feet deep, and was 
discharging 1,871 cubic feet a second. 

HentSrson- Ashley. — The crevasse, like the others described, is in a levee on the right 
bank of the river, and is situated about 12 miles below Natchez. It was caused by 
the water running over the top of the levee. Like the preceding one it might have 
been prevented if there conld have been a sufficient force to guard it. It occurred 
on April 23. It enlarged very rapidly to a width of 400 feet. On May 3 it was 700 
feet wide and on May 12 it was measured with the following results: Width, 873 
feet ; mean depth, 7.77 feet ; velocity, 5 ; discharge, 33,916 cubic feet a second. 

These were aU the crevasses that took place in my district, above the mouth of Red 
River. For a more detailed account of them, as well as for a description of the mode 
of measuring them, I would refer to the report of Assistant Engineer H. S. Douglas 
upon this subject, which is transmitted herewith. 

CREVASSES BELOW THE MOUTH OP RED RIVER. 

Raccourd Break. — This crevasse is situated in the line of levee that crosses Brunette 
Point, extending from Raccourci Landing to the bend of Old River. The break 
was on the plantation of Mr. Horace LeDoux. The levee was an old one, having been 
built in 1866, and was of a very weak profile. The levee was a leaky one, and had 
friven trouble in former high waters. The crevasse occurred at 9 p. m., April 23. It 
is said that without previous warning a stream of water as large as a flour barrel 
burst firom the ground at the toe of the land slope of the levee, and in a few minutes 
later the crown fell in, and the crevasse enlarged very rapidly. Three days later the 
break was 342 feet wide, 6 feet deep, and discharging 13,500 feet per second. Ou May 
22 it was again measured, with the following results: Width, 380 feet; deptb, 3.30 
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fbot ; mean velocity, 4.32 ; discharge, 5,417 cubic feet a second. There had been ^\ 
at this point of 4.4 feet from the highest water. This office having fnmisbf*! j 
necessary materia], the work of closing this crevasse was begnn by the planters 31 
23. The crevasse was completely closed May 28. 
The following is a statement of labor and material nsed for this purpose : 

Sacks, 10,000 delivered $5U 

Lumber, 24,000 feet delivered >" 

Nails, 4 kegs at $3.50 U 

Labor, 309 days, at$l 3i'. 

Total 1»21I 

There was a small amonnt of material left over, but that has not yet been reton 
The total length of the structure built to close the break was 4.50 feet. The gre i i 
depth of water through which it was carried was 4i feet and the average depr: 
front after the break was closed was 3^ feet. The work of course could not have l>^ 
(Ume for anything like the above sum if it had been undertaken when the flood - 
at it« height. The crevasse was closed according to a plan prepared by me. j 
which will be hereafter described. 

Uffper Marganza. — ^This levee at the point where the break occurred is sitaat^- 
a distance of at least a quarter of a mile back from the river bank and is concr ' 
from view from the river by a heavy growth of cot ton woods. The levee was ot i 
material and well sodded, but it lacked height and it had been raised with '^. 
and earth on an average 1.1 feet, tbougn at some places the raising amdiini^ i 
a great deal more than this. The break took place during the night of Apri^ i 
near midnight. The storm at this time was very severe and the waves were dr: ' 
by the southeasterly gale against the levee with great violence. The water wa^ i 
most on a level with the top of the sacks, and every wave broke over them. A? i 
Ktoim increased the waves began to move the sacks themselves. For a time 
guards were able to replace and secure them, but finally a breach was made Dr.. 
50 feet wide through the line of seeks: the water poured over the levee, which r. 
about 14 feet high ; the men were driven from their work, and in a short time the N 
was cut throngh and the crevasse was formed. When I visited the break at 8 o'c 
the next moniiug it was about 400 feet wide and appeared to be discharging a' 
50,000 cubic feet a second. It vas a very angry looking break. The swamp had 
yet filled with water and there was a tall of several feet right in the throat of j 
crevasse. The water dashed in among the trees, which were trembling and fa; 
and the noise of the rushing water could be heard for more than a mile. Four *• 
later, when the swamp had been filled by this and other crevasses and the river.' 
been lowered at this point sooie 3 or 4 feet, the break was 650 feet wide and the 
oliarge reduced to 40,320 feet per second. On the 22d of May, the crevasse w.i«* 
feet wide, 8 feet deep, with a mean velocity of 5 feet and a discharge of 3l,()00 ( l 
lect per second. The level of the ^ater at the crevasse was not less than 7 fe<t 
low wliat it was when the levee broke. The levee was not the one which wa£^' 
btructed by the> Mississippi River Commission. 

The Morgama. — This levee was built by the Mississippi River Commission and * 
Mate of Louisiana jointly during the winter of 1886-'87. It was about tf,000 fet * 
iougth, and was constructed with the utmost care, and was a very good structtir 
its kind. The only faults with it were these, that ii was built of river sand, «■ 
washes very easily when the sod is once broken, and which does not make a y 
(cctly tight bank, and also that it was not of the proi>er height. It was given n 
i)ci<rht ot a foot and a half above the high water of 1882. But this flood wave u. 
have been locally depressed here because the crevasse was then ojien, besidf»<'- 
levee had settled somewhat and in many places was below net grade. In buii>i^ 
the levee great care was taken to secure a perfect bond between the bank aod t" 
natural surface of the ground. In places where stumps and buried drift^lo^-s vr 
loniid the iuuck-dit«h was made as much as 14 feet wide, and all foreign : 
terial wtis removed. The levee was very finely sodded, and its slopes wereassnv' 
and true as those of a fortification. The levee had been raised during theh. 
water from I to 2 feet along its entire length, and this work was the best of 
kin<l that was done anywhere in my district. Tbe new earth was protected ^ 
boards nailed to pickets driven in the crown of the levee near its exterior crest, i"^ 
inside of the board a breadth of cotton bagging was placed to keep the earth tn^ 
washing under or through the revetment. On all exposed portions of the levee" 
new earth was 6 feet thick and was retained on the land side by boards secured i* 
front. 

The Urojik oeciirred on the night of April 2*i. The cause of it can never Ik* «»'" 
lnt'*].v determined. The st rni on this nipfht was fearful, und the Xvaves in ther 
rnnnini; very lii^h. There was nobody on the levee at the time that it broke. ' 
guards^ who were all people living in the vicinity, had become demoralized ^) - 
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I that liad occurred the night before, and had all lef( the work to try to save 

Itock and other property fronj the oye^ow. I had examined the l^vee on the 

td found that the efi'ect of the upper break, which was only about 300 feet from 

Dza, had been to lower the water to about the level of the crown, and it seemed 

rthat the levee was safe unless the upper break should extend downward far 

Bi to involve it. 

ang th^ night of the 22d the storm came from the east, and had a clear sweep 

rnp the river from Bayou Sara to Morganza, a distance of about 12 miles. The 

of this must have been to back the water up in the head of the bend, and its 

^ must have been elevated by this cause several inches at least. At Bayou 

1 know, for I was there that night, the water was 4^ inches higher for a short 

dnrinz the night than it was m the evening or the morning when the gauge 

read. I believe that during the storm the water rose again above the top of the 

> levee, and that the force of the waves wad sufficient to wash out the sand from 

Id the revetment, and thus permitted a flow over the top of the levee which 

)d away as soon as the sod was broken. In fact, a place has been found on what 

ins of the levee where this very thing had taken place, and the water had actually 

b to cat a channel in the crown, but had been stopped by the fall in the river, dno 

» other crevasse. The people living in the vicinity believe that the levee was cut, 

think that the explanation that I have given is the true one. I visited the cre« 

i on the 2iid at 4 p. m. At this time the opening was about tJOO feet wide, and I esti- 

(1 the discbarge at 90,000 cubic f^t a second. On the 25th at 10 a. m. I visited the 

iH8o and found it 1,227 feet wide, with a discharge of about 117,800 cubic feet. The 

np behind the levee was tilling up and the current was greatly reduced, and it 

ed more like a river than a crevasse. The levee was washing away on the south end 

e rate of about 800 feet in twenty-four hours. As it had cost at the rate of about 

•>o the running foot the loss was very serious. As I expected this would be so, I 

e i>reparations to protect the end by a willow mattress as soon as the break 

irred. I telegraphed for a barge-load of rock from New Orleans on the afternoon 

le 23d, and on the afternoon of the 25th it arrived at the levee. In the mean time 

k1 a force engaged in cutting willows, and on the 1st of May the mattress was 

pleted and sunk on the river slope of the levee about 60 feet from the break. The 

rrt^ss was built of fascines each 50 feet long and 1 foot in diameter; they were 

ed together side by side with heavy rope so as to form a mat that was 50 by 125 

. Thus built it was very stiff crosswise and very flexible lengthwise, so that 

n in place it could wrap around the levee but could not slip down off the slope or 

ble up if not well supported. To sink it rock wasplnceu in double sacks and tied 

tie rope lashing in such a way that it could not slide off when the mat assumed an 

ined position on the slope of the levee. The levee soon caved up to the mat after 

as placed and, as was expected, the mat wrapped around the end and protected 

erfectly. As the construction of the mat was novel I scud herewith a drawing 

1 which it can readily be understood. When the mat was placed on May 1 the 

i-k was 2, ISO feet wide. It was measured on May 22 and it was 2,543 feet wide, 

nriog that there had been a loss of bank of 360 feet between these dates. Part of 

took place where the mat was, in order to permit it to adjnst itself around the 

of the levee. The loss here was perhaps 120 feet, as the mat was placed 60 feet 

\ the break, and the rest, about 240 feet, must have been lost from the north end. 

) was not a very serious matter, however, being only about 10 or 12 feet a day. 

ould have been impossible to place a mat there under any circumstances, because 

part of the levee being between two crevasses was an island, and barges of rock 

willows could not have been taken to it owing to the strong currents. The mean 

th of this crevasse on May 22 was 13.117 feet, its mean velocity 4.373 feet per 

'lul, and its discharge 146,034 cubic feet. The water-snrface at this date was 

lit 6.6 feet below high water. 

hi Snead Crftvasse,— This break is in a small levee of weak profile. It is about 3 
;h below Morganza on the same side of the river. It occurred on the night of 
il 21 at 9 p. m., and was due to the force of the waves and possibly to drift-logs 
.'cn against the levee. Four days after the break it was 90 feet wide and discharge 
about 2,000 cubic feet per second. The break ceased to enlarge ten days after it 
pened. Its width May 22 was 147 feet; mean depth, 3.56 feet; velocity, 6 feet ; 
(barge, 3,139 cubic feet. This crevasse could easily be closed, but no one seems 
ions to undertake it. 

%e Lanaux Crevasse. — This break is about 500 feet below the one just described, 
tappened about the same time, and was due to the same cause. Four days after 
break it was 110 feet wide and was discharging about 2,640 cubic feet. It ceased 
viden in about ten days. On May 22 its width was 151 feet; mean depth, 3.36; 
in velocity 6 feet, and discharge 3,044 cubic feet. The water-surface at both of 
se breaks was at this time about 5 feet below flood height. Like the former this 
ak conld readily be closed. 
he Fanny ^iche Crep<w«f ,— This crevasse occurred in »n old lovee about 2^ miles be- 
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low the one just described. The levee was situated very near the river bank. » 
'^as expected that it would cave into the river in a few years, and for this Tf^n- 
had not been raised at the time that the other levees in the vicinity were bei .. 
paired. It was, therefore, very low and of very weak profile. It had a width of 
about 18 inches on the crown, and during the flood it had been neoeasary to m > 
as much as 20 inches. This work was done by means of a plank revetment skn* 
backing of earth in sacks. At the time that the break occurred the wat^^r - 
almost as high as the top of the new work. At about 9.30 a. m., April 21, a 
steam-boat passed up the river, and it is said that the sw«Ub from this boat ]o>^ 
and wa^ed away some of the planks from the revetment ; this allowed the wa . 
attack the new earth, and before a sufficient force of laborers could be collected u 
pair the damage the levee was breached and a crevasse was formed. When I t^a? 
brsak at 12.30 p. m. it was about 240 feet wide and it was discharging about -^ 
cubic feet of water per second. It enlarjs^ed rapidly for the first ten days* after v 
there was very little change in its condition. On the 22d day of May it was l 
ured with the following results : Width, 845 feet; mean depth, 7.37 feet; avr 
velocity of discharge, 4.35 feet per second, and the discharge at this time was i: 
cubic feet per second. It has been jproposed to close this crevasse and some u 
planters living in this vicinity applied to me for aid. But inasmuch as the bs' 
was only about :^ feet wide, and as the depth of the crevasse at the north end : 
distance of 225 feet averaged about 11^ feet and the velocity in this aectio:: ' 
nearly 6 feet, 1 felt that it would be a very difficult and expensive operation to < 
the break at the present stage of the river, and I did not feel authorized, to fur. 
any assistance. 

The Preston Crevasse, — This break is situated in the levee nearly opposite B 
Sara, and like the one just described the levee was an old one and waa too low. 
had been raised during the flood by a double tier of sacks, and at the time the U 
occurred the water was running over the sacks in places. The break occurred s 
midnight of April 21 ; it was doubtless due to some of the sacks being washed tti 
levee by the force of the waves. The break widened rapidly and soon atta:r 
width of 200 feet with a discbarge of about 10,000 cubic feet per second. As th*- ^ 
fell it became evident that the crevasse could be closed, and accordingly work - 
commenced on the 12th of May under the direction of Mr. Bennett Barrow, and wa^< 
pleted May 17, at which time the flow of water was completely stopped. The nmu 
used for the closure of this break was furnished by the United States, and the ;i 
I understand, was paid for with money furnished by the Louisiana Lottery Coiutv 
The method of closing was the same as that used at the Racoonreci break, and tv : 
will be hereafter fully described. The material furnished by the United 8t4itej« ( 
sisted of 40,000 feet of lumber, 20,000 sacks, and 4 kegs of spikes, the ifvhole va! 
at $2,400, and I was informed that the labor account amounted to a little over>>! ' 
making the total cost of closing the crevasse a little leas than $4,000. The : 
length of the structure, built to close the crevasse, was 660 feet; the greatest il 
of water along the line upon which the break was closed was abont 8 feet au' 
average depth about 4 feet. In the throat of the crevasse, after the break was cl<>^- 
there was found a depth of water as great as 45 feet and the average depth wa^ 'x 
siderabiy over :{0 feet. The width at the time of closing from end to end of the it 
was 213 feet. About 3,000 feet below this break are two other small breaks whicl 
known as the Taylor crevasses. The lower one of these occurred first. The n. 
tion of the levee was the same as the one already described, if anything it ^^m 
little lower and the raised work of course was higher. The first break occone- 
the morning of the 21st of April. At the time that I saw it, abont 10 a. m., it 
about 50 feet in width and was discharging about 3,000 cubic feet of water per seu. 
The other break, which was abont 600 feet north of No. 1, was abont 40 feet in tr 
and occurred later in the day. Both these crevasses were closou by Mr. Barro"^ 
the same time that he closed the Preston break. The first one was closed by a ]<'• 
inch boards used as a sheet-piling and re-enforced with sacks filled with earth. T: 
had been no wash below the base of the levee, and this line was driven right w 
foot of the river slope. The width of the break at the time of closure waa 2Uo :r 
No. 2 was closed at the same time as No. 1 and in a similar manner. Its width ? 
then 51 feet. As there was very little water flowing through these breaks at the ' : 
they were closed, no special account was kept of the cost of closing them ; it anion: 
to but little and is included in the cost of closing the Preston break. This comp > 
the list of crevasses which occurred in Pointe Conp^ Parish; tibe next two an 
West Baton Rouge on the right bank of the Mississippi River. 

The first of these is the Point Manoir Crevasse. The conditions here wer^ t-' 
peculiar, and it certainly seems that this break was a preventable one. At this !» 
there was a double line of levee ; the front levee was a very old one, of atrong p: 
and well constructed, although it lacked height ; but it waa sitnated alon^ the ca> '. 
portions of the river, and it was thought that it would ultimately be destroyed V^ 
caving of the bank. For this reason the State, during the winter of 1^J6~'87, built ^^ - 
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B known as tbe New Point Manoir Levee, extending down the river a distance of 
kbout a mile, where it is connected with the old levee. The old and new levees thns 
nclose a rectaneolar space about 850 feet wide by 5,000 feet long. For some reason or 
»ther the front levee had never been cut so as to permit the water to come against the 
lew levee. At the time I saw it, about March 20^ the water was standing about a foot 
>elow the crown of the old levee. The current of the rivfer was setting in very 
strongly in the bend, and it seemed to me that there was great danger that the front 
evee would cave into the river. If it did this, I felt (x<iite sare that the rush of water 
igainst the new levee would break it and in this way a crevasse would be formed at 
k place which ought to be doubly safe. These works were not United States levees, 
fcud as the ground between the two lines was occupied and under cultivation, I did 
lot feel authorized in overflowing it without the consent of the owners. They de- 
clined to consent, and accordingly I visited the president of the police jury of West 
Hfkton Kouge and urged him to till the space between the two levees by means of a 
liphon or a box-flume, which could be controlled. I advised him to till the space at 
ilie rate of 6 or 8 inches a day, so as to give the new levee time to consolidate, and to 
je prepared, in case the new levee showed signs of weakness, to shut off the supply of 
vyater aud hold the front levee until the new line could b^ repaired and strengthened. 
Ele promised to do this, but tbe work was done so slowly and so frequently delayed 
from causes which it is not necessary to mention here that at the end of April the 
Dasin was only partially tilled. At about midnight on tbe 30th of April tbe front 
evee caved into the river near the upper end. Tne rush of water caus^ the opening 
io enlarge until it had attained a width of (iUO feet. This large flow of water so sud- 
ienly precipitated upon the back levee caused it to give way, and a breach was 
formed in it within a few hours after the first levee broke. The width of the break 
:n the new levee became finally equal to 571 feet. In six days, however, after the 
sreak occurred its width was only about 300 feet, its tpean depth about 4 feet, and 
ts discharge 12,000 cubic feet per second. This break was closed by the parish 
mthorities on the 17th of May. Work was commenced on the 9th. The method used 
lonsisted in driving the line of sheet-piling from opposite sides of the break along a 
inrved line on the inside of the levee. As the lines of sheet- piling approached each 
»ther the force of the current became so great that they were obliged to use a crib 
tructnre similar to that used at the Preston and Raccourci breaks. The entire ore- 
rasse could have been closed by this latter method in much less time and at a much 
ess expense. The length of the structure used to close It was 980 feet, the average 
lepth of water along the line on May 23 was 2.ti2 feet ; the water in the river at this 
lime was 4.82 feet below high water. 

Tbe next break was the Lobdell CrevMae, This occurred in a levee on tbe west 
)ank of the Mississippi, opposite the western extremity of Profit Island. It occurred 
it about 4.30 p. m., April 22. The levee was a large and high on 3, standing about 
1.7 feet above the highest water of this year. It had a wide crown and good, full 
(lopes, and the entire levee is well sodded with Bermuda grass. It is said that the 
fvater burst out of the ground immediately at the foot of the laud slope in a large 
itream, as big as a flour barrel, and in a few seconds the top of the levee collapsed and 
he crevasse was formed. The break enlarged rapidly, the caving being mainly at 
ihe north end. On the 26th of April it was 956 feet wide, 6 feet deep, with a dis- 
(harge of 57,:300 cubic feet per second. The water from this break overflowed a very 
ine and highly cultivated tract of country, and the people were very^^ anxious to at- 
empt to close the break. They desired to close it by means of a pata«)t'«iieet-piliog, 
k method in which I had no confidence. I, however, furnished them aW>nti6,00U sacks 
o use in closing' the break. They continued to work upon it for abont a week', but 
he rapid current scoured out the piles and the work was finally abandoned. On the 
!3d of May the crevasse was measured, with the following resultn: Width, 1,981 feet; 
oeau depth, 7.22 feet ; average velocity, 4.12 feet; discharge, 58,892 cubic feet per 
acond. The river at this time was 5.8 feet below the flood height. On the 23d of 
day a second attempt was made at the north end of the break to close a deep chan- 
lel by the sheet-piling process, in a hope that a part of the discharge through the 
trevasse could thns be shut off and the Injury that it was causing )>roportionately 
educed. No report of this work has yet been received, but it is understood that it 
vas not successful or that it did not accomplish the purpose. 

The next break was tbe Martinez Crevasse, This was situated on the left bank of 
he river, about 8 miles below Baton Rouge. It occurred on the night of April 
12, during the storm; it is said to have been due to the existence of a rice flume. 
The water was very near the top of the levee at the time the break took place. 
Twenty-four hours after the break occurred it attained its maximnm width, which 
ras 124 feet. I estimated the discharge through it at 4,800 cubic feet per second. 
;*his break threatened to inflict very great damage on a large portion of country 
rhich hitherto ht^ been safe. It was feared that the water from it would Join with 
he water from the Nita Crevasse and thus overflow tbe entire valley on the left 
tank of the river from Baton Kouge to New Orleans. Immediate eflbrt waa made to 
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oloiie the orevaase. The Missisaippi Valley Railroad and the planters living ir 
vicinity contributed labor and material. The work was done nnder the inuneri 
direction of Mr. James D. Houston, a planter living in the vicinity. The work t* 
fairly started April 'M and was completed April 28. The length of line apon wl 
the closure was made was about 500 feet ; the style of work was similar to tha* 
tbe Preston break, but the structure was not very skillfully designed, and the m*- 
rial was not all used to the best advantage. There was an excessive atrengu 
some portions of it and in others it was haraly strong enough. The distance bet«- 
the levees aud the river bank was not very great, and as a result the crevasse rb< 
nel extended nearly to the bauk before the break was closed. The depth in the tfc^ 
of the crevasse was about 42 feet. On the inside of the line of cribbing it til 
from 6 feet to 20 feet. The cost of closing this break was very great. The rmibr 
company contributed about |13,000 in Ukbor and material, the Mississippi H 
CommiHsion about $5,800 in material and service of steam-boat, and the plai:- 
contributed a very larce quantity of labor, more than was necessary, in fact, of w: 
no account was kept. The closure of the break, however, was worUi all that it •• 

Por a more detailed account of the breaks from Red River down I would refr.- 
the report of Assistant Engineer W. J. Hardee, which is transmitted herewith. 

The next break was the Nlta Crevasse, This is situated on the left bank of 
Mississippi River, about 5 miles above College Point. The break occnrred ol 
night of March 14. It is said to have been due to the existence of a Hoe flame ic - 
levee. It enlarged very rapidly in spite of every effort to control it, arid on the.- 
of March it had attained a width of 642 feet, an average de]>th of 14 feet, a a^ 
velocity of nearly 10 feet, and a discharge of about 90,000 cubic feet per second 
was believed at this time by the managers of the Mississippi Valley Railroad thai 
break could be closed. The injury that it inflicted upon them was very ^reat, for 
line of their railroad was only a few thousand feet from the levee, and the track • 
completely cut in two by the^crevasse, and their buniness with the city of New Orlr. 
was completely interrupted. They proposed to cross the break on the line of 
levee by a strong timber trestle-work, aud to make nse of this structure as a br . 
from which to close the break. If such a structure could have been pat acni«f> 
crevasse it is probable that the break could have been closed, bnt great difficnhy « 
experiencHl in handling the long pil%s which it was necessary to use when the tV^^ 
got out into the swift current. About 75 feet of trestle-work was carried out ir 
the north end, bnt in the mean time it was found impossible to secure the sooth - 
and the trestle-work was abandoned. The crevasse continued to enlarge in spir*- 
the efforts to control it. In the latter part of April an attempt was made to pla< 
mattress on the end of the levee similar to the one used on the Morganza break 
at this time the river had fallen somewhat in the vicinitv and the base of the Ir- 
was nearly out of the water, and the crevasse seemed rather to be in the bank it5 
than in the levee. The mattress constructed was a very fine one of its kind. It * 
42 feet wide and 112 feet long. It was built nnder the direction of Foreman Vtt 
an employ^ of the Mississippi River Commission. The plant belonging to New 
leans Harbor was used for this purpose. The mat was dropped at the sooth es. 
the break, bat it was not large enough to afford the necessary protection, and it f-- 
undermined and finally disappeared, and the crevasse continu^ to enlarve. A r 
large amonnt of money was expended by the Mississippi Valley Railroad Compar- 
atter^pting to close or to control this crevasse. The Mississippi River Conimi5> 
contributed About $5,400 in labor, material, and service of boats for this sam« :• 
pose. On tbe-9th of May the crevasse was measured, and it then had a width of ^^ 
feet^ a mean velocity of 9.28 feet, a mean depth of 15 feet, and a discharge of 4Ct 
cubic feet per second. This dis<!harge seemed so great that by direction of the C : 
mission I caused it to a^ain be measured on the 21st of May. This time a carr- 
meter was used aud a line was taken at a considerable distance inside the brt--- 
The section was carefully sounded. The discharge thus determined was 3.56,985 v 
feet a second. The gauge at College Point had m the mean time fallen about e •: 
tenths of a foot. This would reduce the discharge through the2,B92-foot openinii * 
less than 25,000 cubic feet per second. This quantity added to the measiirec ! 
charge gives 381,985 cubic feet, which checks pretty well for work of this kind. 

These are all the crevasses which occurred above the city of New Orleans. IV-' 
the city there were a great many small breaks, mostof which, however, have been c\>*- 
The Myrtle Grove, however, is still open. It is situated in the right bank of tb« >' 
sissippi River, 35 miles below New Orleans. There are really two breaks at :: 
point. They occurrerd during the morning of April 21, and were about ^OO feet Kf^' 
All enlargement ceased four days after the breaks happened. The original k>^ 
was 5^ feet high. At the time the breaks occurred the water was very nea:'^ 
the top of the levee. The crevasses were due to sloughing. On the 9th of May 
crevasses were measured with the following result: No. I, width, 295 feet; vt-k-. 
about 5 feet; mean depth, 3| feet; discharcre, Byl.'iO cubic feet per second. N< 
widthy540 feet; velocity, 2.1c5 feet per second; meau depth, 5^ feet ; discharge. ^^ •'^ 
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ibio feet per seooad. Ko effort has yet been made to close these breaks, bat I have 
itained some material that was left over from olosing other breaks in this vicinity ,, 
> be used at Myrtle Grove in case it is desired. 

Besides those breaks already described there are a large nnmber of others below the^ 
ity, a description of which has been famished by Mr. H. S. Bell, secretary of the* 
ew Orleans and Gulf Railroad Com pan v, as follows : 

'*No.l. Febrnary 13, crevasse occurrea at St. Sophie, aboat 35 miles below New 
Orleans. Break about 75 feet wide, and closed on February 15. 

*' The levee was about 5 feet high on side next the public road, and 3 feet high 
Q battnre side. This levee was a very old one, and a new levee had been built ou the 
atture between the old levee and the river. The new levee was bailt entirely of 
sind, and when the high water came against it it melted away, and left the protec- 
ion of the plantation entirely to the old levee, which was in a very bad condition 
nd full of cray-fish holes, and requiring constant attention andpatohing np. Imme- 
iate cause of this break was supposed to have been cray-fish holes. The break was 
losed by crib- work in the shape of a horseshoe, on the river side of the levee. The 
ribs were driven down in a double row of boxes about 4 feet square^ and filled in 
vitb sacks of earth as fast as the cribs were down. The crib- work was braced 
roni the outside, and afterwara sacks and loose earth were filled in on the river side, 
uaking a comparatively dry levee. 

**No. 2. February 13, a crevasse occurred as Corinne, about 8 miles below New 
>rleans. This break was closed on February 15. The levee at Corinne was about 5 
eet high. Cause of crevasse, cray-fish holes. Break was closed by crib-work, built 
;traight across. Joining the two ends of the levee, and filled in with straw and sacks 
»f earth well braced on the outside. The crevasse was 25 feet vride. 

'*No. 3. February 23, at Bertrandville, three breaks occurred; one on Brulard's 
>]ace, and two at Pierre Bertrand's place. These breaks were from 10 to 15 feet wide. 

*' The levee in this neighborhood is about 4 feet his^h. One of the breaks was 
aused by an old rice fiume being forced out, and the other two breaks by drift logs 
Lriven by the wind against the levee. Work was commenced on these breaks im- 
nediately, and they were closed the same day by crib- work, filled in with sacks of 
•artb, in the direct line of the levee. 

'* No. 4. February 24, crevasse occurred at New Texas Landing, about 55 miles 
>olow New Orleans. This break was reported to be about 30 feet wide, and was 
losed on February 28. Do not know the height of this levee, the cause of the 
revasse, nor how it was closed. 

^'No. 5. March 4, a crevasse occurred at St. Sophie, about 35 miles below New 
Means. Crevasse was 30 feet wide, and closed on March 10. Immediate cause of 
his crevasse was cray-fish holes near an old rice flume, which was washed out in a 
rery short time, and the increased depth of water through the rice flume caused a 
;reat deal of trouble in stopping this crevasse. Closed the crevasse by a lengthy V- 
haped crib- work on the river side of the levee. The levee in this neighborhood was 
bbont 5 feet high. 

'* March 7, a small break, about 15 feet wide, occurred in the levee at St. Sophie, 
ibont 300 yards from the crevasse of the 4th instant. This break was closed on the 
*th instant by a straight crib- work in a direct line of the levee. Caused by cray-fish 
loles. 

"No. 6. March 14, a small break occurred at Empire Mills, 47 miles below New 
>rleans. The crevasse was about 15 feet wide, and closed on same day. Levees in 
his neighborhood from 4 to 5 feet high. 

**No. 7. March 19, three breaks occurred in the Bohemia Levee, just below the 
erminus of the New Orleans and Gulf Railroad. Break from 30 to f feet wide. 
^here is an immense batture in front of the old levee at Bohemia, and a new levee 
lad been constructed between the old levee and river about 100 yards distant from 
he old levee. The new levee had not been fascined, and being built on the batture, 
roiu river sand, was soon washed away by the force of the high water; and the old 
I'vee was completely honey -combed by cray-fish and fiddlers. These crevasses were 
losod on March 30. The levee at Bohemia is from 4 to 5 feet high on the road side 
ik1 3 to 4 feet on the river side. 

" No. 8. Mach 21, a crevasse occurred at Harlem, about 38 miles below New Orleans, 
lie levee at this point is 8 feet high on the road side and 5 feet high on the river 
ide. Break was caused by an old rice flume giving way. It was closed on March 
5 by a double row of cribbing, horseshoe- shaped, on the river side. Outside, below 
he cribbing, was filled with sacks of earth, and inside or river row of cribbing was 
Hod with loose earth. 

"No. 9. March 26, a small break about 10 feet wide occurred at Harlem. Work 
iras commenced on it immediately, and it was closed on the 27tb by a straight row of 
ribbing in the direct line of the old levee. The cause of this was a cray-fish hole, 
rhioh had been previously boxed up. 

**No. 10. March 26, t^ small break, about 15 feet wide, occurred at Martin's, near 
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Empire Mills, abont 47 miles below New Orleans. A cray-fiah hole was tfae •:! 
of this oievasee. The levee was 5 feet high, and the break was olosed on the »^ 
dav by straight crib-work, joining the two ends of the levee. 

''No. 11. Maroh 26, two breaks at Corinne ; one 30 and one 25 feet wide ; clo6>^. 
' same day. Here the levee is about 5 feet high on the road side and 3 to 4 feet . 
on the battnre side. The break was closed by a V-shaped erib-work, filled witli !<s 
and loose earth. The canse of this crevasse, oray-fish holes. 

'* No. 12. March 22, a small break at Woodland, about 10 feet wide, and clo«^' 
same day by straif^ht crib-work. Joining the two ends of the levee. Here the ir 
are abont 4 feet high. Canse of break unknown. 

''No. 13. March 28, two small breaks occurred in the New Orleans and Gulf I 
road Levee, at Bohemia, about 50 miles below New Orleans. One of the break> ■■ 
abont 10 feet wide, and the other 6 feet : both were closed on the same day as n 
One of these breaks was caused by an alligator hole, and the other by a oray-fish L 
The levees are abont 5 feet high. 

''No. 14. April 2. one of the crevasses at Bohemia, just below the term inns-' 
New Orleans and Gulf Bailroad| which had been closed on March 30, broke out u. 
and is still open. 

"No. 15. April 21, seven breaks oocnrred at St. Sophie and immediate vie : 
Cause was the violent storm on that date. The levee at St. Sophie is about : - 
high, and all of the breaks were successfully closed on April 30. The United ^ 
Government furnished 60,000 feet of lumber, 20,000 sacks, and 12 kega of npik"^ 
olosing these crevasses ; of this lumber, 5,000 feet was delivered to Haepel d: I 
for closing another crevasse, and about 3,000 feet to T. S. Wilkinson for Myrtle h: 
and there is still remaining at St. Sophie abont 15,000 feet of this lamber ui 
These breaks were closed by crib- work on the riverside, either horse ahoe-sha^M^. 
V-shaped, as usually found most expedient. 

"No. 16. April 21, two small breaks occurred at Thibauts, 43 miles below Nt-* 
leans. Breaks 10 to 12 feet wide, and closed on April 26. These breaks are rj 
by the severe storm of the 21 st. The levee in this neighborhood is abont 5 fet^- '. . 
and the break was closed by a straight crib-work, in tne direct line of the lt^\c 

" No. 17. May 10, a small crevasse occurred at Harlem, abont 15 feet wil- 
olosed on May 10. It was caused by a cray-fish hole. Here the levee is aboiu T 
high. The break was closed by straight crib- work. 

" There was very little work in the way of raising levees in the immediate w 
of the breaks Just enumerated. Several places levees on the lower coast, brt > i 
New Orleans and Bohemia, were raised, by piling up sacks filled with earth. ■:.: 
some cases the water raised to fully 1 toot above the crest of the old lovee ; be 
was not the case at any of the levees at which breaks occurred. There v ^ i 
an iustauce of the crevasses being caused by the river washing over the levct 
ontting it away." 

These were all upon the left bank of the river, and it will be seen that they - 
all small and very quickly closed. On the right bank there was a break at Rnjv i 
51i miles below tho city of New Orleans. It was a small, low levee, and wa8 a: 
nted to the eU'ect of waves. It occurred on the 19th uf April, and attained ? ' 
six days a width of about 100 feet and a discharge of abont 4,i:j00 cubic feet per sk- i 
An attempt was made to close it abont the 25tn of April, and the work was tir • 
a few days later. Labor was furnished by people living in the vicinity, as i 
United States furnished materisl as foUows : 4)5,790 feet of lumber, 3,000 aack^ .' 
of nails, and 25 pounds of twine of a total value of $547.43. No acconnt ha> ' 
furnished of the amount of labor that was necessary to close the break. Tfaerr l 
also a break at Live Oak plantation, about 30 miles below Now Orleans. This i*:' 
occurred about midnight of March 19. Its width was 116.7 feet, its mean 6- ] 
6i feet, its average velocity 7f feet per second, and its discharge 5,881 onbic ftr "^ 
second. There was a heavy growth of willow on the batture In fh>nt of the bMH 
^bich tended to diminish the velocity of the discharge. The plantation behici^ 
levee was unoccupied, aud the levee was not very closely watched. It ia thons^hta 
the break was due to injuries caused by the cray-fish or some other hnrrowiD;! 
mals. The work of closing the crevasse was commenced soon after it occurm.i 
it was finally closed on April 10. but even at this time there were some leji*a| 
through the' work. The United States Government fnmished 93.000 feet of li si 
20,000 sacks, and abont 40 kegs of nails for this work. The New Orleans, Fort M 
son, and Grand Isle Railroad expended about $7,000 towards closing the break 
the Citizens* Bank of New Orleans, which owned land behind the levee, contr i 
about $4j000 more, making the total cost of closing the break between il3,i«- 
$14,000. In addition to theea breaks on the Mississippi River there were » J 
number of others on Bayou Des Glaise. There were also two breaks in Old Rir^V 
at Barbre's Lauding, and the other abont half-way from this point to tbe^l 
aippi River. A list of these brealss, with the time that tbey occurred and the:' I 
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with the amoant of water escaping through them at the time they were measnred, is 
given as follows: 

CrevM8e$ in Old Rhier and Bayou dea Olaise. 



Nsme. 



Df OLD BITSK. 



^ergnaon . 
Barbre ... 



BATOU DIS 
OLAUB. 



<o. 
)?o. 
S'o. 
<o. 
Co. 



4o. 10. 

»J«. II. 

Co. 12. 

Co. 13. 

Co. 14. 

^o. 15. 

Co. 16. 

Co. 17. 

Co. 18. 

{o. 10. 



JUd Fish pott- 

ojfics. 



Jo. 20. 
io. 21. 
HO. 22. 



JEratnhurgk. 



Co. 23. 

(o. 24. 

lo. 2ft. 

To. 26 

To. 27. 

To. 28. 



(Hd Chureh. 



o. 29 

o. 30 

o. 31 

o. 82 

Biff Bend . . 



Date of 
break. 



Apr. 22 
Apr. 21 



Apr. 21 
Apr. 21 
Apr, 12 
Apr. 10 
Apr. 21 
Apr. 22 
May 1 
Apr. 22 

Apr. 22 
Apr. 22 
Apr. 21 

Apr. 21 
Apr. 21 
Apr. 24 
Apr. 24 
Apr. 24 
Apr. 24 
Apr. 24 



Apr. 28 
Apr. 21 
Apr. 28 



Apr. 23 
Apr. 28 
Apr. 24 
Apr. 22 

Apr. 27 
Apr. 28 



Apr. 22 

Apr. 22 
Apr. 22 

Apr. 22 



Cause of 
break. 



Crar-fleh. 
...do ...... 



Sloofeh..... 
Ban over . 

do 

...do ...... 

...do ...... 

do 

Cray-flsh . 

...ao 

...do 

Ban over . 

...do 

do 

...do 

...do 

Slongh.... 
Ban over . 
Slonjch.... 
Ban over . 
...do ..... 



Slonzb... 
Ban over . 
...do 



do. .. 

... do.. 
do .. 

Slougb. 



Ban over . 
Sloaffh — 



153 
212 



008 

180 

54 

40 
1.600 
1,500 
176 
70 
102 



Ban over . 

...do 

BeportAd cat 

craT-fiAh. 
Crayfish... 



Feet 
6 
&5 



4.6 

1.0 
2.5 
1.4 
0.8 
^1.7 
&0 
2.0 
1.0 



Feet. 
0.5 
4.0 



436 tl.O 



180 
60 

50 
106 
75 
60 
128 
160 
418 



90 
760 
850 



(§) 
,100 
50 

60 
408 



200 
564 



700 



tl.8 
1.1 

3.0 
2.8 
2.3 
2.0 
6.2 
f2.0 
tl.O 



0.2 



4.0 



Cftt. feet 

459.0 

7,208.0 



18,203w8 
594.0 
864,0 
240.8 
S40.0 



1.5 



2.7 



Bis. 
charge. 



1,415.0 
808.0 
153.0 



285.0 
672.7 
172,5 
108.0 
015.1 



288 



1,080.0 



3,264.0 



1,008.0 
4, 512. 

7,560.0 



Feet. 
4.5 
4.6 



Feet. 
L2b' 



1.5 



3.5 



4.5 



1^ 



Feet 
1.0 



1.5 
•2.0 
1.6 
1.8 
1.8 



0.6 



Feet 
4.0 
8.7 



0.5 



0.5 



It 



1.2 



8.0 



2.5 



Material 
need in 
raising. 



Esrtb and 
sacks. 



Earth and 
boards. 

Do. 

Do. 

Do. 

Do. 
Earth. 



Sacks. 
New levee. 
Do. 



Do. 

Do. 
Closed in- 
side. 
Earth. 



Earth and 
planks. 
Do. 



Earth. 



* A hove. 

t When water was highest, 
pi miles. 

§ Ten miles; no levee; bank 1.2 feet above present level of water; ran over 1.3 feet deep at highest 
mter ; this and Va 23 and 25 ran back into bayoa fh)m crevasses above in Big Bend. 



From No. 21, 2 miles helow Hambarffh, on Bayou des Glaise, to No. 26, below Old 
]!b 11 rch, a disfauce of about 20 miles, there are practically no levees on the bayou. 
Lt Hnmbargh a 2-foot levee was thrown np and held, keeping out the water ; below 
k siuall ridge had been thrown up, but was washed away. lu places above Ham- 
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bQi^h old levees exist, but for 10 miles out of 18 miles the banks are hi^h aod U' 
are do levees. This entire unprotected front was overflowed from the rear. T 
breaks at Nos. 30, 31, and 32, at the lower end of Big Bend, liUed the swamps and : 
surplus then retnmeid to the bayou over this unprotected front. No. 31 was repcr^ 
as having been cut, but there was no proof. 

Location and mea»uremenU oferev€u$e$ im ike fourth diitriet, M%$9UHppi Biver, 1^ 



Date« 



Kame. 



Lake Concordi* 

Arnanldia 

HendereoD-Aahley. 

Racoonrci 

Upper MorfinDBa. .. 

Kew Morgansa 

Sneed 

LanMix 

PiMton 

Taylor No. 1 

Taylor No. 2 

Point Manoir 

LobdeU 

Martinea 

NIU 

Corlnne 

Do 

Do 

BertrandTille 

LiTeOak 

Woodlaud 

ICyrtle GrroTo 

Do 

St Sophie 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Harlem 

Do 

Do 

Thibaata 

Do 

Empire MUla 

Bohemia 

Do 

Do 

Kiceland 

New Texaa Landing 



Break. 



Apr. 22 
Apr. 23 
Apr. 28 
Apr. 28 
Apr. 21 
Apr. 22 
Apr. 21 
Apr. 21 
Apr. 21 
Apr. 20 
Apr. 20 
Apr. 30 
Apr. 22 
A or. 22 
Mar. 14 
Feb. 13 
Mar. 26 
Mar. 20 
Feb. 23 
Mar. 20 
Mar. 22 
Mar. 21 
Mar. 21 
Feb. 18 
Mar. 4 
Mar. 7 
Apr. 21 
Apr. 21 
Apr. 21 
Apr. 21 
Apr. 21 
Apr. 21 
Apr. 21 
Mar. 21 
Mar. 28 
May 10 
Apr. 21 
Apr. 21 
Mar. 14 
Mar. 26 
Mar. 19 
Mar. 28 
Mar. 28 
Apr. 19 
Feb. 24 



Meie- 

une- 



May 10 
May 11 
May 12 
May 22 
May 22 
May 22 
May 22 
May 22 
May 23 
May 23 
May 23 
May 23 
May 23 
May 28 
May 23 



Mar. 26 



May 6 
May 6 



Apr. 28 
Apr. 28 
Apr. 23 
Apr. 23 
Apr. 23 
Apr. 23 
Apr. 23 
Mat. 28 



Widttu 



837 
456 

873 

880 

T90 

2,548 

147 

845 

218 

203 

51 

671 

1.081 

124 

2.892 

25 

30 

25 

10-16 

116 

10 

640 

295 

75 

70 

16 

64 

22 

71 

50 

21 

40 

88 

50 

10 

15 

10 

12 

15 

15 

80-50 

6 

10 

60 

30 



H«aQ 

Deptk^ Ity p«r 
pec- 
Obd. 



18.36 
2.42 
7.77 
8.30 
8.00 

13.117 
8.56 
7.87 
4.60 
3.40 
3.70 
2.82 
7.22 

10.70 

15.00 



6.50 



6.60 
3.60 



12.00 
9.00 
9.00 
6.00 
6.00 
5.50 
4.75 
8.00 



6.00 



FMt. 
A 21 
1.70 
6.00 
4.32 
6.00 

4.378J146, 
6.00 
4.85 



4.12 



0.28 



402,556 



7.76 



3.18 
6.04 



10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
ILOO 



8.00 



TMb- 

per 



CuJmL 
47.042 

1.871 
83,016 

6,417 
81.000 

" 084 

8.189 
27,118 



58,« 



^881 



0,474 
6,163 



0,480 
1.060 
0.890 
3,000 
1,050 
2,200 
1.706 
4,812 



4,800 



Bank 



Loca- 

tian 

(beJow 

Cairo,) 



MiU4. 

(•) 

701J 

711| 

(t) 

7881 

780i 

792^ 

79^ 

794i 

801f 

802l 

80^ 

809 

81^ 

842} 



978| 



1.0001 



l,003i 



l,012i 



1,0154 

1,017 

1,0201 



KemjutA 



ClOMd Mat: 



CloaedMAv: 
Closed MaV 

Do. 
CloeedMaT 



Clotted Apr: 



CloMd Fc>b 
CloMdKar: 

I>o. 
Closed Fet : 
Cloaod Apr : 
Closed Mar 



Closed Fekt: 
Closed Mar 
Cloned Mar 
Closed Apr ^ 

I>o. 

I>o. 

I>o. 

I>o. 

I>o. 

1>o. 
Closed Mar :^ 
Closed Mar r 
Closed Mav 
Closed Apr. 1 

I>o. 
Clo8*^dMar^ 
Closed Mar > 
Closed Mar a 
Closed Mar f: 
Closed Apr : 
Closed Feb :;^ 



* In line of leree aronnd Lake Concordia 3| miles south of a point 092 miles below Cairo, 
t In a line of levee on Baooourci River <^ miles aonth of a pomt 770 miles below Cairo. 

CLOSURE OF CRBVAS8ES. 

As soon as a crevasse occnrs and its destructive effects become felt there is alw^ 
a sreut detuand that it should be closed. It is generally impossible to close then: 
a day or two after they break, if the levee is of any considerable height. But ^ 
the country back of the levee becomes partially filled with water, so that the vel'r 
in the crevasse is somewhat reduced, they can, if the conditions are favorable, 
closed with material, which can always be easily obtained, and at a cost which wci 
seem to be justifiable. The circumstances would be considered favorable where : 
levee is situated at a considerable distance from the river, so as to leave a battim 
a hundred feet or more in width, and also where the water on the bottom is not m^ 
than 8 feet in depth. While it is not impossible to close a crevasse iita greater depu 
water, the risk and tlie expense become very much greater after the deptli pas»*«^ 
limit which 1 have given. A great many crevasses were closed in my distnot du^ 
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be present high water, and while the methods were somewhat varied, th6 following 
lesign, which is illustrated in the plan, section, and elevation transmitted herewith, 
contains all of the best features of the various methods which were ased, and isessen- 
ially the same as that employed at Raoconrci and Preston. The materials used are 
I by 4 inch scantling, inch boards 12 inches wide, and sacks. The method consists 
n constmoting a trestle bridge with light bentSt placed about 2 feet apart, starting 
Tom each end of the levee on the river side and far enough from the crevasse open- 
ng so that there is no danger of the structures being turaed during the process of 
slosure. This bridge is carried outward from the batture until it gets far enough 
kway from the levee to pass beyond the deep hole which is almost always excavated 
in the throat of the crevasses; the two ends of the bridge then turn towards each 
>ther, and are built in this direction till they meet. For a depth of water of 6 feet six 
piles should be used in each bent ; they are capped with boards, as shown in the section, 
srhich serve at the same time to brace them. The bents are fastened together longi- 
bodiually by four lines o£ boards on edge, and the bridge is floored as indicated upon 
plan so as to leave an opening about 3 feet wide in the center. All parts of the struct- 
ure tihonld be firmly nailed together so as to secure the greatest amount of stiflnesa. 
Outside of the inner row of piles a strip of 2 by 4 scantling is firmly nailed to the caps 
to hold the heads of the small piles which are afterwards put in to form the gratine. 
While the bridge is being constructed a force is employed filling sacks with earth. 
The sacks must be all filled full and well and tishtly sewed. As they are filled they 
Eire carried upon the bridge and piled up until a sufficient number of them have 
been placed to form a levee which will completely close the crevasse. After this 
Is done a sufficient number of pickets made of 2 by 4 scantling are prepared and 
(juickly driven, as indicated upon plan, so as to form the grating on the land side 
of the bridge close enough to keep the sacks from washing through. Whdn this is 
ready a large force of men should be assembled upon the bridge, and at a given sig- 
Qal they throw the sacks through the opening. The work must be carried on as 
rapidly as possible, and must not cease until the pile of sacks rises above the surface 
)f the water. Any leakage which then develops can be stopped by dumping earth 
from the bridge upon the river side of the levee. All the piles for the trestles as 
Rrell as for the grating are driven with hand mauls, and no heavy pieces of timber 
>r expensive appliances are required for the work. Where the water is not more 
ihan 3 or 4 feet deep the structure can be simplified by omitting the two piles on 
^he river side of each bent. The sacks, however, ought to be thrown into the water 
through the opening as indicated on the large trestle, in order to give a safe width of 
>ase to the levee to enable it to make a good joint with the surface of the ground. 
This kind of work has been successfully used for & short distance where the water 
vas as much as 14 or 15 feet deep. 

THE FLOOD OF 1800. 

The high water of 1890 will long be remembered in the Mississippi Valley as the 
alghest and the largest Hood that has ever occurred of which we have auy authentic 
record. There are, to be sure, a few points on the river where the conditions have 
[)een modified by cut-offs where the ]9resent flood has been surpassed by some preced- 
Dg ones, but these cases are exceptional and are easily accounted for, and do not 
inect the great portion of the river. The flood was doubtless due to the exception- 
tlly heavy rainfall in the Ohio Valley, and also in the valleys of the subordinate 
iributaries of the river, for the great tributary, the Missouri and the Mississippi 
tself, were neither of them at a very high stage at any time during the flood. The 
iood heights at the various stations of observation, the form of the flood wave and 
be various phenomena connected with it can beet be studied by a graphical repre- 
entation, and I have therefore prepared a drawing which shows the plan of the river 
rith the points at which gauges are established marked upon it. It also shows the 
ocatioii of the levees, the railways, the bluffs, and other topographical features. An 
ixamination of this map will show fhat the gauges are well placed to give a good 
dea of the flood along the whole river, and that they are near enough together to 
Usclose all of the abnormal features of the wave. 

The drawing also shows, by the heavy lines, the gauffe heights at the various sta- 
ions where observations were tak^ during the entire dangerous period of the flood ; 
bat is to say, from the 1st of March until about the 5th of May. I have also put 
ipon this drawing, for the purpose of comparison, the corresponding hydrographs of 
be flood of lti82. At Red River Landing I have also given the gauge curve for 
iarbre's Landing plotted to the same absolute zero. This gauge, it will be noted, is 
.t the head of the Atohafalaya River, and a study of it serves to show the influence 
har the Atohafalaya flood exerted upon that in the Mississippi ; I have also marked 
he location of the different crevasses that occurred in my district, and I have indi- 
ated the dates at which they occurred, the dates at which their discharges were 
leasured, and also the volume of discharge of each. I have also given the discharge 
urvM £ar thd Bed SiY«r Landing Beotion, and for the CarroUtoa seotioiii and hA?e 
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noted the discfaargea at Warrenton, Natcbes, and Baton Rouge at the dates at wl 
they were taken. 

A stady of this sheet shows that there were two flood waves, the first of which f 
mioated between the 15th and 20th of March, and the second between the !^th y \ 
the 25th of April. The first wave was a nonnul one for all points above Dots^ | 
aonville; that is to say, the flood water was entirely confined within the banks by. ^ 
levees. The second one was an abnormal one, and was influenced and modiflec 
the crevasse water which had eecaped through the crevasses above Vicksborg, ai 
which returned to the river at the mouth of the Yazoo and at the oaouthof ^ 
River. 

The hydrographs of Yioksburg, St. Joseph, and Natohea are similar throngfac 
they form a group which differs from those below them, and they show very plsi- 
when compared with the curves for Red River Landing and Bayou Sara, the inflMi. 
of the Atonafalaya as an outlet. I 

At the beginning of March, as shown by the curves, the Atchafalaya mras Jot^!^ 
than the Mississippi, and it was acting therefore as an outlet, and its effect is eviiVr i 
from the fact that the Red River Landing gauge was relatively much lower tL- 
those above. 

The first crevasse in Tensas Basin, above my district, oconrred in the early pan | 
March, the Sappington was on the 8th of March, and this was followed by ' | 
Raleigh on the 15th and the Luna on the 18th. As the crevasse water reached t > 
bead of the Atchafalaya, this gauge began to rise and soon came to the level of i ! 
Mississippi at Red River, and the two curves are coincident. After the 15th Bartr- j 
gauge rises above that at Red River Landing and the Atchafalaya becomes a tri buU" | 
instead of an outlet. The influence of this tributary is very peculiar and very mark- 
in this case. By examining the discharge curves before alluded to, we find a mn. 
mum discharge at Red River Landing occurring about the 17th and 18th of Mibn 
It is to be regretted that there were not a neater number of discharge observati - 
taken at Red River Landing between the 5th and 18th of March, becanae the cu^t ^ 
not very fully delineated. It is unite apparent, by comparing it with the curve i 
Carrollton, that the discharge of March 18 coula not have been the maxim nra <I > 
charge. However, we see that the discharge fell off very rapidly after the l>tc 
Marcn, and that it did not again attain as great a volume until about the 15th 
April, nevertheless, the Red Kiver Landing gauge maint-ains the same hel^t fr: 
the 15th up to the end of March, which would seem to indicate that the retr 
water had heen heaped up upon the surface of the Mississippi River at this point, a : 
bad increased its height without increasing its discbarge. ~ The fact that it did u • 
is proved, first, by the study of t^e gauges above Red River Landing we see tL» 
the Vicksburg, the St. Joseph| and the Natchez gauges all fell about 1.5 feet from t^ 
15th to the 31st of March. This ia exactly what should have taken place, d:> 
to the diminished discharge, and that f^om the Ist of April to the 15th of April xhett 
gauges gradually rose again and attained, on the 15th of April, a height about ecE^ 
to wnat they had on the 15th of March, at the time of the March flood. But at L- 
River Landing there was no fall after the 15th of March, but from the Ist of Apri: ^ 
the 15th of April the gauge height increased 2.4 feet, and this same fact is i>^ 
served to a lesser extent at Bayou Sara, 35 miles below Red River Landing ; \af 
there was a slight fall of about .3 foot up to the end of March, and from the e: 
of March to the 15th of April there was a rise of abont 2.2 feet, or a sain of 1.9 U^ 
from the crest of the March flood. At Baton Rouge the fall to the end of March v&- 
greater than at Bayou Sara, and subsequent rise was less. At Plaqneniine, st 
lower down the river, the fall in March was still greater than at any (»f the poit'> 
above to Red River Landing and the subsequent rise was also less, showing that u« 
heaping up of the water at Red River Landing due to the return crevasse water, m^- 
itself felt down as far as Baton Rouge, a distance of 70 miles, and thai it did s^' 
make itself felt at Plaquemines, a distance of 90 miles. 

The first crevasse to occur in my district was the Nita Crevasse, a break wL- • 
took place in the levee on the left bank of the river abont 5 miles above Col)^: 
Point. The break, in spite of all efforts to control it, increased rapidly, and on : 
22d of March it had a discharge of about 90,000 cubic feet a second. Its influen • 
is very plain upon the College Point gauge, 5 mileg below. Its effect was suflScit: 
to prevent the College Point gauge from ever agani attaining a height as jgreAt*- 
that which it had in March. We observe on this hydrograph a gradual fall fromi. 
time that this crevasse occurred until the end of the flood. The discharge of the K '^ 
Crevasse increased very rapidly ; from 90,000 cubic feet a second on the 22d of Mar : 
it increased to 400,000 cubic feet a second on the 7th of May. At that time it becaa^ 
equal to one-third of the entire discharge of the river. Notwithstanding this ecor 
mouB escape, however, through this outlet, the actual fall directly traceable to ih 
crevasse, or the gauge at College Point from its highest point, was only abont 1.9 fe^ 
and since this highest point was nearly 24 feet, if the fall had corresponded to theka 
of discharge it ought to have amounted to as much as 8 feet. At Carrollton the tnfs* 
•noe of thia croTasse tm an outlet oan be t»eed to be soie, but its inflaenoe was t«7 
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nttoh leas than at Collefre Point, and the fall due to it may he stated to he ahout 1 
'oot. Thi«, even, at a time when this escape must have heen at least one-lbarth of the 
entire discharge of the riyer. 

As the second flood wave approached its oalmination, the river helow the month of . 
Red River Landing attained a height greater than any of which we have any authen- 
tic record, and the levees were taxed to a point beyond which they were ever expected 
to resist. On the 2lBt of March a very severe storm set in ; very heavy rainfall, accom- 
panied by a gale from the east and southeast ; the levees, saturated as they were by 
long exposure to a height of water which reached almost to their crowns, were unable 
to withstand the force of the storm and yielded at a great many places. Above the 
mouth of Red River there was a crevasse at Lake Concordia, another at Arnauldia, 
another in the Henderson-Ashley Levee. 

Below the mouth of Red River crevasses occurred during the period of the storm 
ftt RaocourcL Upper Morganza, New Morganza, Smead, Lanaux, Fannie Riche, Pres- 
ton Taylor, Lobdell, and Martinez, some nine or ten crevasses in a di standee of about 
\30 miles. These crevasses discharged in the aggregate, within two to three days of 
the time when they occurred, a volume of nearly ^,000 cubic feet a second. The 
effect of this enormous loss of water from the river was to cau&e a rapid lowering of 
the surface upon that portion of it airectly influenced by the crevasses, and we note 
at Bayou Sara, Baton Kouge, and Red River a loss of height of 1 foot or more in a pe- 
riod of two or three days. The greatest fall is at Baton Rouge, as it is below all the 
important breaks; the least fall is at Red River Landing, because it is above most of 
the breaks and because this loss of water was largely compensated by the increased 
amount of water which it drew from the Atchafalaya as soon as the Mississippi began 
to fall. 

Above the mouth of Red River, at Natchez, the abrupt fall is very slight, amount- 
ing^only to 3 or 4 inches. At St. Joseph and Vicksburg, the fall was normal and 
was simply due to the fall in the river above. It therefore may be seen that the 
iufluence of these enormous outlets thus suddenly let loose at the flood height was 
lomething, to be sure, but it was very insigniticant in comparison with the amoniit of 
water drawn from the river. It is further to be noted that its eflect is almost eotirely 
'elt below the points at which the crevasses occurred, and that at a comparatively 
*ew miles above the crevasses the efliect ceases and amounts to nothing. There could 
)ot be a more forcible object lesson than this upon the worthlessness of outlets as a 
neans of controlling floods. 

We find, in addition to the crevasses which I have mentioned, others occurring at 
Live Oak, Harlem, Riceland, St. Sophie, and Myrtle Grove. All of theHc breaks occurred 
>elow the City of New Orleans; most of them were closed, to be sure, within a week 
)r two after they happened, but Myrtle Grove has not yet been closea, but in exam- 
nine the Carrollt^u gauge-curve we can not trace any eflect due to any of these 
sreskks below the city. A comparison of the discharge curves at Red River Landing 
iud Carrollton would seem to indicate that there was a less loss of water through 
these crevasses that I have described as occurring between those two points than re- 
mits irom adding together the discharges that I have given. For example, about 
the end of April, when all the crevasses were open, there is a diflerence in the dis- 
charge between these two points, as shown by the curves, of less than 500,000 cubic 
'eet a second, yet the escape through all the crevasses at this time must have been 
vt least 700,000 cubic feet a second; but this difference is accounted for by the fact 
hat the river was falling and the water passing the Carrollton section was ueces- 
arily ^preater per second than that passing Red River Landing section, due to the 
eservoir capacity of the main trunk of the river itself between these two points, for 
he river between these two points was lowered some 2 or 3 feet in a period of a few 
lays, and ita enormous volume of water would furnish a very considerable discharge 
n itself; in addition, the rainfall, which was very heavy below Red- River, would be 
ufficient to add materially to the discharge. 

IMPROVING MISSISSIPPI RIVSB (NO UMIT). 

Money statement. 

(a) Levees on Tensas Front : 

^uly 1, 1889, amount available $87, 190.JB4 

farch 19, 1890, amount transferred to protection of levees.. $10,000.00 
Tuly 1, 1890, amount expended during fiscal year, exclusive of 

liabilities outstanding July 1, 1889 48,073.42 

uly 1, 1890, amount covered by uncompleted contracts made 

during the fiscal year ending June 30, 1890 21, 419. t)3 

79,493.05 

uly 1, 1890, balance available •.* •....•. 7,697.79 
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noted the discbarges at Warren ton, Natchez, and Baton Ronge at the dates at wli 
they were taken. 

A stndy of this sheet shows that there were two flood waves, the first of which r. 
Diioated between the 15th and 20th of March, and the second between the :K)tb ^ 
the 25th of April. The first wave was a normal one for all points aboFe l>o!ia 
Bonville ; that is to say, the flood water was entirely confined within the banks b} ^^ 
levees. The second one was an abnormal one, and was inflnenced and modified 
the crevasse water which had escaped through the crevasses above Vicksbnrg. i: 
which returned to the river at the month of the Yazoo and at the mouth oif i.- 
River. 

The hydrographs of Vicksbnrg, St. Joseph, and Natchez are similar thronghor 
they form a gronp which differs from those below them, and they show very phiD 
when compared with the curves for Red River Landing and Bayoa Sara, the infiut: 
of the Atonafalaya as an outlet. 

At the beginning of March, as shown by the curves, the Atchafalaya was I^t^ 
than the Mississippi, and it was acting therefore as an outlet, and its effect is eri<i- 
fiom the fact that the Red River Landing gauge was relatively much lower ti> 
those above. 

The first crevasse in Tensas Basin, above my district, occurred in the early par 
March, the Sappington was on the 8th of March, and this was followed by l 
Raleigh on the 15th and the Luna on the 18th. As the crevasse water reached :■ 
bead of the Atchafalaya, this gauge began to rise and soon came to the level of i 
Mississippi at Red River, and the two curves are coincident. After the 15th Barl~ 
gauge rises above that at Red River Landing and the Atchafalaya becomes a tri but::' 
instead of an outlet. The influence of this tributary is very peoaliar and very mart- 
in this case. By examining the discharge curves before alluded to, we find a nui 
mum discharge at Red River Landing occurring about the 17th and 18th of Mar 
It is to be regretted that there were not a greater number of discharge obaerv^at: - 
taken at Red River Landing between the 5tn and 18th of March, because the cufs> 
not very fully delineated. It is quite apparent, by comparing it with the enn^^ • 
CarroUton, that the discharge of March 18 could not have been the maximnm L^ 
charge. However, we see that the discharge fell off very rapidly after the l*r 
March, and that it did not again attain as great a volume until about the 15:1 
April, nevertheless, the Red River Landing gauge maintains the same bei^t t'l 
the 15th up to the end of March, which would seem to indicate that the reir 
water had been heaped up upon the surface of the Mississippi River at this point ^ 
had increased its height without increasing its discharge. ~ The fact that it did -: 
is proved, first, by the study of the gauges above Red River Landing we aee " 
the Vicksburg, the St. Joseph, and the Natchez ganges all fell about 1.5 feet froc 
15th to the 31st of March. This is exactly what should have taken place. : 
to the diminished discharge, and that from the Ist of April to the 15th of April ri-- 
gauges gradually rose again and attained, on the 15th of April, a height about e. 
to what they had on the 15th of March, at the time of the March flood. Bnt at £ 
River Landing there was no fall after the 15th of March, but from the 1st of Apn 
the 15th of April the gauge height increased 2.4 feet, and this same fact is 
served to a lesser extent at Bayou Sara, 35 miles below Red River Landing: >• 
there was a slight fall of about .3 foot up to the end of March, and from the : 
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(5) Protection of levees, foarth distriot: 

AmonDt allotted £rom act of Aafast 11, 1888 — tll4,«» 

Jaly 1, 1890, aniount expeoded anriDg fiscal year, exclosive of 

llabilitiesoutstaQding J oly 1,1889 $95,839.87 

July 1, 1890, oatstanding liabilities 147.49 



Joly 1, 1890, balance available l&J'l- 



(c) Protection of levees on Tensas Front, fonrth distriot: 

July 1, 1889, amonnt available 19, :r 

Jnly 1, 1890, amount expended during fiscal year, exclusive of liabilities 
outstanding July 1,1889 19,:^ 

IMPROVBMBNT OF THB HARBOR OV NEW ORLEANS, LOUISIANA. 

The tendency of the Mississippi River at New Orleans, w elsewhere, ia to atri 
nndermine, wash away, and destroy its concave bauks, whereby the crossing ar> 
dered more abrupt, and the bars at the points or convex banks extende-d. This a\- 
is exceedingly injurious at places like New Orleans, where the city occupies both \^ 
of the river, tor in the bends, levees, streets, and warehouses are grada»lly u! 
mined and destroyed, while the growth of bars elsewhere prevents access to wb;.- 
and docks. To resist and overcome this tendency to change, and to hold the : 
permanently in its present lines, is the sole object sought to be attained in tb^ 
provement of New Orleans Harbor. 

The works employed to accomplish this end now consist of enbmer^ed spurni 
with sloping crests, placed in the bends at proper intervals, the object being to 
vent erosion by checking the velocity of the current along the shore, to force tlK 
of deepest water farther firom the shore, and, if possible, to induce deposit Ix'U' 
the spurs, thus reducing and equalizing the slope of the bank. The top of tbebe «' 
is generally placed at about the low- water line, and the crest slopes downwards a 
an|;le of about 1 on 3, so as to place the toe at the deepest portion of the river, 
axis of the spur is placed perpendicular to the direction of the current or else ^> 
clined slightly up-stream. The spurs, which rest on a wide mattress, are bnilt oi : 
her, willow-brusn, and stone. 

The portions of the river where this kind of work was considered neoeasary ▼ 
as follows : 

} 

The Carrollton Bend,length 1' 

The Greenville Bend, length :^ 

The Oouldsboro Bend, length ... '' 

The third districti length 

ToUl 5-i 

In pursuance of this general project the following work had been done prict 
July 1, 1889: A continuous mattress about 400 feet in length had been placed at 
head of the Carrollton Bend. This kind of work has since been abandonee! . ^ 
spur-dikes had been constructed in the Gouldsboro Bend, which completed the ^ - 
proposed at that point. One very large spur had been partly built in the Green t 
Bend near the company's canal. A survey of the harbor had been made, and iU 
and estimates prepared for the continuation of the work. The plant had been po* 
good order, and a large quantity of lumber, brush, and rock had been proonred u 
was conveniently stored for spur-dike construction. 

During the past year the dike in the Greenville Bend was completed, and a set 
spur about 1,000 feet below it built. This was all the work that the approved p- 
ect called for in that locality for the present. In addition to this fonr spnr-dit 
were built in the third district of the city of New Orleans* completing the impit?-< 
ment at that point. 

Spur No. 1, in the Greenville Bend, is worthy of special mention as being the larg*- 
structure of its kind ever placed in the Mississippi Biver or else where, so far ^* 
know. It contained in round numbers 3,400 cords of willow brush, 80,000 fee; 
lumber, 2,000 tons of rock, 5,500 pounds of wire, 00 kegs of nails and spikes, and ^>' 
pounds of iron rods and chains. Its length wan 430 feet; its maximum height 60 :<* 
and the depth of the water at its outer end was 152 feet at low water. 

Dike No. 2 was a little longer than the one just described, but it was only aboL*-* 
feet high and contained very much lees material. These two spurs have been r: 
posed to the recent high water. What their condition now is can not be determiD^' 
till the river reaches a stage low enough to permit nonndings to be taken over the: 
The bank has not caved at any point within the area which they are deaigned top 
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dct. The velocity of the current next the bank has evidently been reduced, and the 
iue of greatest velocity has been pushed out from the bank. I think that they are 
.cconiplishing all that is required of them, and that there is every reason to antici> 
late that the spurs will be found in good condition, and that the mean slope of the 
»ank in the area influenced by them will be somewhat reduced. 

Tbe spurs in the third district differed from those heretofore constructed in the 
larbors, in this, that they were carried above the low-water line. The river at this 
K>int had encroached so far upon the city that it had been necessary to move the 
evee back until it occupied one-half of a street running parallel to the river, and 
iractically destroyed the street. It was therefore important to stop absolutely the 
ecession of the bank line, and if possible to reclaim a little land from the river. The 

gnrs were therefore carried up over the batture and connected with'the levee, and at 
e point of junction they were given the same height as the levee itself. The sub- 
kqueons portion of the spurs was constructed in the same manner as those heretofore 
lescribed, and the spur was prolonged from the low-water line to the main levee 
»y a bank of earth of the proper dimensions, which was protected from wave-wash 
kud scour due to overfill by a layer of gravel or broken stone 9 inches thick, upon 
vhich a rough stone pavement of like thickness was laid. This covering extended 
mt upon the batture for a distance of 20 feet from the toe of the up-stream slope and 
iO feet from that of the down-stream one. It was also carried out to connect with 
he foundation mattress. The work was done last autumn under favorable circum- 
tances, with a low river, good weather, and a well-trained force of workmen udder 
he immediate direction of a zealous and competent engineer, who thorouirtily under- 
tood what he had to do. The work was therefore very good of its kind, and its cost 
ell considerably below the estimates. As in the case of the Greenville spurs, the 
ixact condition of the work can not yet be fully determined. This much is evident, 
lowever. The paved spurs have resisted the action of the waves and current per- 
iectly. There has been no loss of bank, and there has been a heavy deposit of silt of 
rom 1 to 3 feet in thickness upon so much of the batture as has thus far been un- , 
overed by the falling river. I feel confident that this work will be a complete sue- 
less, and I believe that this type may be advantageously adopted for the protection 
f the caving banks at many points higher up the river. One great advantage that 
t offers is its cheapness, and another is that the loss of one or more spurs does not 
lecessarily involve the loss of the whole system, even if it takes place at a time 
rhen no funds are available for repairs. 

The actual cost of the field-work in the third district, which is the only proper 
tandard of comparison, was $33,574.48, and it protects about 3,000 feet of caving 
tank, where the average depth of water is 90. or 100 feet. If this protection proves 
ntirely satisfactory, as I believe it will, it then presents a method of bank protec- 
ion costing only about Sll a running foot, a cost which is certainly very moderate. 

I send herewith a drawing showing the location of the spurs in the third district, 
•Iso showing a section of each spur and the details of construction of the bank pro- 
ection. 

There yet remains under the present project six spurs to be built in the Carrollton 
^nd. The following material is now on hand for this work : 

,840 tons rock, at $2 $9,688.00 

0,000 feet lumber, at $10.90 327.00 

8 kegs nails, at $3 84.00 

,420 pounds galvanized wire, at 4 cents .• 56.80 

15 cords brush, at $1.68 193.20 

0,000 pounds iron rods, etc., at 3^ cents 1,050.00 

Total value 11,399.00 

The work will be begun as soon as the river reaches a stage low enoagh to render 
t possible. The proposed location and mode of construction of the spurs is shown 
ipon the accompanying drawing. 

As this project was based upon a survey that was made a year and a half ago, and 
IS the destructive forces of the river have not been idle during this period, it will 
lonbtless be necessary to make some changes in the dimensions if not in the location 
»f these spurs. 

The only very valuable property which is immediately endangered by the caving of 
he bank in this locality is the large and fine wharf, warehouse, and elevator belong- 
Dg to tbe Louisville, New Orleans and Texas Railroad. I regard this property as in a 
ery critical condition, and I am by no meann sure that work done this season will be 
n time to save it. 1 am informed that there has been a great deal of scour in front 
f the wharf during the present high water, and that a great many piles have washed 
>o8e, and that it has been necessary to replace them with 90-foot sticks. This would 
eem to indicate that the bank is HRsnming a dangerously steep slope, and an exten- 
Lve caving of the bank may be looked for at any time as the river falls. It will b« 
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remembered that I recommended that thia work should be dooe last year, in pi<d-- 
enee to that in the third district. 

The plant and material belon^ng to the work in New Orleans Harbor i« all id p 
order and ready for use, excepting thetoff^ which on the night of May 8 to^ 
and bnrned to the deck. The boat had a few hoars before returned from the > 
Creyasse, whither it had been sent to be used in measaring the discbarge. ' 
cause of the fire U uuluiown, but after a careful investigation I am satisfied tb 
was unavoidable and that no one was to blame. The loss will amoant to ti 
$2,000. The boat is now being repaired and will be ready for use by the time r 
needed. 

The commercial statistics of the port of New Orleans are now beiogr compi- 
They can not be eompleted, however, before the close of the fiscal year. The bi: 
remarks will apply to my financial statement. 

UfPBOYINO MISSISSIPPI. BIV>R (NO UmT). 

Money statement. 

New Orleans Harbor : 

Julyl, 1889, amou^t available •$l26.7::t- 

Amount disallowed by Chief of Engineers (over-payment) 



July 1, 1890, amount expended during fiscal year, ezolnsive 

of liabilities outstanding Julyl, 18g» |78,215.07 

Julyl, 1890, outsUndingliabilicies 4.26 



136, 734^ 



78, 2U. 



July 1,1890, balance available 48,51'. 



' Amount (estimated) required for completion of existing project 500, Ot^. 

Amount that can be profitably expended in fiscal year ending June 30, 

1892 : 200, (KiL 

Submitted in compliance with requirements of sections 2 of river and 

harbor acts of 1866 and 1867. 

THK RECTIFICATION OF THE RED AKD ATCHAFAULTA RIVERS. 

The objects to be attained by the rectification of the Red and Atchafalaya r.T:: 
are threefold, namely : 

First. To prevent the further deterioration of the channel of the Mississippi £r 
at and near Red River Landing, due to the action of the Atchafalaya aa an oatJei 

Second. To afford at all stages of the two rivers a safe and easy entrance fron ' 
Mississippi to the Red River and its tributaries for all classes of vessels and towi l. 
navigate them. 

Third. To secure like advantages for the Atchafalaya and its connecting wat'* 
And it is also required as a condition that these results should be attained will 
disturbing the high-water regimen of the rivers and streams involved, whereby pr 
erty would become subject to overflow which is now safe. 

The approved project requires the construction of the following works : A ser^ 
low dams, not exceeding six in number, is to be built across the Atchafalaya Riyer:- 
low the mouth of Bayou desGlaizes to prevent the further enlargement of tbe AtcU 
alaya and to limit it« outlet capacity. These dams have a maximum depth <■''- 
their crests of 7 feet at extreme low water, and at high water permit a discLa:: 
over them equal to the entire flow of Red River, say 200,000 cubic feet jkut ee^ - 
In addition to this, a low dam is to be built across Old River from the west &t ' 
of Tnmbull's Island to the mainland, and between the old month of R*?d RiTer^ 
the head of the Atchafalaya. The crest of this dam is to have a suitable elersr 
above the obstructions in the Upper Old River, its object being to force the Red £i- 
when below a certain stage to flow through Upper Old River, which, before the f^ 
ent conditions induced bj the enlargement of the Atchafalaya, was itu natural - 
better channel. To still further control the flow of Red Ri\ er at low and intermec j 
stages, it is proposed to build a jetty from the lower end of TumbnlPs Island aloc^'' 
middle of Old River and extending outward into the Mississippi. This jetty is u':.'^ 
a height in due relation to that of tbe Red River Bam, and a form in plan such a.- 
deliver the Red River water to the Mississippi with the minimum amoont of »y 
Its effect will be to force the current, during the falling and low stages of the h?*-*'- 



** Tbis is the correct amount available July 1, 1(^89, not $126,634.65, ae print<^ 
Appendix V Y, page ;^21, of the Annual Report of the Chief of Engineers for Vs^ 
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to flow from the Red to the Miseiasippi River, and the current of the latter river sweep- 
in j( past the and of the Jetty will prevent the formation of the har that is usually found 
at the mouthof a tributary. These works will also secure an easy entrance to the Atcha- 
falaya ; for this river, being deprived of all water from the Red River (when the level of 
thedam is reaehed), will become a proper outlet of the Mississippi, and will be permitted 
to take an amount of water (to be reeulated by the contraction works in the Atchafii- 
lay a) sufficient to maiutain a channel through Lower Old River large enough and deep 
enough for all puri>08es of navigation. The Atchafalaya, though by these means 
reduced to an outlet of the Mississippi for a few months during the low- water season, 
will at other times carry the flood discharge of Red River, which will be ample to 
maintain its channel ; and there is no reason to fear that it will deteriorate, as do the 
ordinary outlets of the Mississippi River. The same forces that are now acting to 
enlarge it will still act, under proper direction and control, to maintain its channel. 

These works, being ail of low relief, and situated in wide and deep portious of the 
rivers, will not interfere with their high-water regimen, and no place in the valley 
which is now safe will be rendered liable to overflow. 

In addition to this, the annual projects for many years have contained provisions 
for maintaining navigation through Old River during the low- water season by vari- 
ous temporary devices, such as dridging, washing with the wheels of steam-boats and 
togs, dragging along the bottom scrapers attached to steam-boats, contracting the 
channel by temporary wing-dams, blowing np the mud lumps with dynamite, etc. 
These expedients have succeeded when the conditions were favorable, and have 
generally failed wholly or in part when they were not. But they always afforded 
some relief, and while they certainl v cost a great deal of money in the aggregate, the 
work was doubtless worth what it cost. The worst that can be said of work of this 
character is that it is of no value after the season in which it is done. It is therefore 
greatly to be desired that the appropriations for this work should be large enough to 
permit the permanent works soon to be finished, in order that this annaal drain may 
cease. 

It may perhaps be well to state here that it has often been asserted that, but for 
the work done from year to year by the United States for the purpose of maintain- 
ing a navigable channel through Old River during the low- water season, this channel 
would have become so filled np as to be practically closed, and the Red and Atchafa- 
laya rivers thus divorced from the Mississippi ; a condition which is regarded by cer- 
tain persons not interested in the navigation of the river as very desirable. But this 
IS not the case. Nothing of the kind would have taken place. It may be definitely 
itated that the influence upon the nermanent condition of Old River prodnced by any 
work that has been done there in tne last ten years is infinitesimal, if it is not abso- 
lutely zero. A greater chanp^e is wronght upon the bottom of Old River in three or 
Tour days by a sudden fiood m Red River when the Mississippi is low than could be 
produced by washing and dredging all summer, and such floods occur almost every 
^ear. 

In pursuance of the general plan thus briefly sketched out the following permanent 
work had been accomplished up to the 1st of July, 188D: 

As stated in my annual report for the year ending July 1, 1888, a survey of the reach 
>f the Atchafalaya below Bayou des Glaizes had been made to determine the proper 
location for the dams, a plant for the work had been procured, necessary temporary 
I>uilding8 had been erected on the bank, a deep well had been driven to secure a sup- 
;>Iy of potable water, and the sill for Dam No. 1 had been constructed. During the 
incceeding year a dredge, four dump-scows, and two large and well-equipped quar- 
:er- boats were added to the plant, the dam on Sill No. 1 was built, and the sill for 
Dam No. 3 was nearly completed, and some )26, 000 tons of rock were quarried out and 
listribnted for use at the different works in my district. Lumber and other material 
lad also been procured and was on hand for the work. The balance available for the 
continuation of this work on July 1, 1889, was $88,560.23. Of this sum it was proposed 
to set aside $20,000 for the maintenance of a navigable channel through Lower Old 
Sirer during the low- water season 1888 and 1890 by dredging or other temporary de- 
rices ; also to set aside $5,000 for the protection of existing works till September 1, 
L890, and also a sum sufficient to care for the ^lant and material when not in use 
m til September 1, 1890. With what then remained it was proposed to complete Sill 
uid Dam No. 3. in the Atchafalaya River, and to proceed with the construction of 
:;he dam near tne head of Tumbnll's Island as far as the fnnds then available would 
mow. 

In accordance with this plan Sill and Dam No. 3 were completed August 27. The 
node of construction was the same as in Dam No. ). That is to say, the sill was first 
>laoed across the river between the low-water lines. It was formed of a single layer 
>f mattresses. These mats were each 75 feet wide, 304 feet long, and 3 feet thick, 
rhey were built of willow bmsh and poles in layers at right angles, and were held 
together by timber clamps. These mats were sunk in succession, sidf<« by side across 
he river» thna forming a sill 304 feet wide. That portion of the sill between the 
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low- water line and the crest of the bask waa similar to the sobaqneons per - 
hot ft was constraoted in plaae and was therefore eontinnons. The whole v 
anchored and held secarely in place'hy rock, Aboat 42 ponn(<s to the aqnar*- ' 
of surface of mat was used; four times ar maoh as was necessary to aiiik a mr 
the bottom. The dam was bnilt up of layers of mattresses like those in thr- > 
These mats were so proportioned as to give to the dam when ooaiplete(i « 
slopes of one on three and a width of crown of 30 feet. On the top of each lay*^* 
mats when sunk a quantity of stiff blue clay was spread, in order that it might nl: 
spaces between the willows and make the dam tight. An extra qaaotitj of r- j 
was placed on the top mat for greater security^ These two dams bare withstoud | 
unprecedented flood of this year, and as far as can be ascertained at the preaent \ . i 
stage of the river they are uninjured. But owing to the fact that the clear vr- 
way at the extreme flood stage over the top of Dam No. 3 was less than over Nc I 
the fall was concentrated at this plaee, and the velocity of the current became so r ' 
as to be a serious obstacle to navigation. The mean area of cross-section of the r. 
near Simmesport is about 60,000 square feet. The area over the lop of D»in No. . 
reduced to about 50,000 square feet ; that over No. 3 is but 41,000. This ia tb 
verse of what it should be. The areas over the dams should increase from the n^' 
to the lower ones, in order that the fall may be uniformly distributed over thexn x \ 
This is the case now for low stages of the river ; for example, the area over No. - 
Eero of the goage is 4,471 square feet, while over No. 3 it is 5,430. But thia ooc. 
effected for the flood-stage only by a farther contraction at No. 1, or elae by mo^ 
back the levees and otherwise enlarging the natural section at No. 3. The fo^ 
method will be the proper one, but it would have been imprudent to have mad« * 
entire contraction at the time the dam was bnilt, for it was the first one, and th^ 
tire concentration of all at a single point would have produced a velocity that vt 
certainly have interfered with navigation and might have endangered the dam iw 

The flood area over No. 3 is still too large, if the discharge is to be limited to : 
high-water discharge of Red River, say 200,000 cubic feet a second. When th^* 
tire system is completed the areas of flood discharge can be properly a4jast«c 
groins constructed on the sills between high and low water. During the pnrn 
high water the discharge down the Atchafalaya between levees was 414,281 r 
feet per second at 45.15 on the Simmsport gauge, and afterwards when the crera^ 
below Simmsport became larger, thus allowing more water to leave the chAnnt^l " 
discbarge increased to 4H0,7UH, with a gauge height of 44.45. This caoaed a r-t. 
velocity of 7.476 feet per second in a section of 64.301 square feet. Over I>am N 
the mean velocity mnst have been about 11.7 feet per second. 

The Atchafalaya problem is influenced greatly by the question of overflow into:! 
Tensa-s Basin. If the levees in Arkansas and North Louisiana are so bnilt and m*^ 
taiued as to prevent overflow in this basin, then the Atchafalaya will never bec^'' 
taxed. On March 6, 1890, the Atchafalaya was discharging past Simmsport ^'' ' 
cubic feet a second, with a gauge height at Barbre's Landing of 42.3 feet. At K 
Kiver Landing in the Mississippi the gauge was reading 43.0feet. This waa with . 
the levees intact. On the 23d of April, when the effect of the return crevasae wat«r £n' 
the Tensas was at its height, and before the river was lowered by the lari^ nniB>' 
of crevasses that occurred about this time, Barbre's gauge read 49.7 and Red Ri^? 
Landing 48.77 (the highest ever known). Therefore, since the zero of the fo^^' 
gauge is 0.3 above that of the latter, the water-surface at Barbre's waa dne to :. 
crevasse water, at least li^ feet higher this year than it oould possibly have bee& 
the Tensaf) levees had been i)erfect. This l-Ar ^t was the '*last straw" ; withoc 
the Atchafalaya and Bayou des Glaizes levees could have been held, imperfect t- 
they were, and the works at Simmsport would havefhifllled their pnrpoae of limiri. 
the discharge of the Atchafalaya, which, flanked as they were on both sides : 
crevasses, they can hardly be said to have done. 

THK RED KIVEB DAM. 

In pursuance of the approved project the sill for this dam has been built. It cro3«i 
Old Kiver at a poiut about three-quarters of a mile below the Sngar-hooae ChL«« 
upon the line approved by the Commission. The foundation asdisclosed hy a nnm^'': 
ot borings is a fairly good one, being composed of river sand interspersed with li'< 
ers of red and blue cla^. The sill was similar in construction to those in the Aui> 
falaya. It is a good piece of work and was well and cheaply done. The detail? ^< 
its construction are fully set forth in the report of Assistant Engineer Price, wb. J 
is transmitted herewith. A slight departure from the project was made in the ma- 
ner of placing the rock on the shore protection and on the sill where it crosses :* 
bed of the slopgh. Instead of being uniformly distributed over the willow fonoit 
tion, it was piled in parallel rows running lengthwise of the sill. These rows vd« 
about 12 feet apart from center to center, and were about 2 feet high. The idea «» 
that these rows or walls would cause a considerable deposit of sUt between thui> 
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a» completely bniying the willows, and that the lidges of rock would then be better 
•le to resist the action of the oarrent than a comparatively thin oontinuoos layer. 
le river has not yet fallen enough to show how far this expectation has been real- 
ad . Of course snoh a structure is not relied upon to resist the overi'all at the dam. 
le apron there is a strong mattress 3 feet thick, and is eventually to be covered with 
Layer of rock In pieces of from 1 to 2 tons weight. 

MAINTAIHIKO ▲ NAVIOABLB CHANNEL THROUGH LOWER OLD RIVEB. 

The low-water season was of short duration. The Bed Biver Landing gauge regis- 
*re^ less th&n 12 feet from the 2d of September until the 16th of November, and less 
lan 6 feet from the 17th of October till the 13th of November. The lowest reading 
1 this gauge was 2.40 on November 5, on which day the Barbre's gauge recorded 
5O9 the least reading there also. The conditions on the whole were not very unfa- 
orable. The principal reliance was placed upon the dredge for maintaining a cban* 
el. It was caused to work mainly upon the mud-lumps and ridges that are found at 
itervals in the bed of Old Biver and which acted as dams. As these were cut away 
le current was able to move the sand into the deep holes, and in this way a mncit 
reater quantity of material was gotten rid of than was actually moved by the dredge. 
be dredge itself gave good satisfaction, and although much interfered with by pass- 
ifir boats it did its work at a moderate cost. I bad niuch difficulty in the first place in 
etting a crew that understood it and could operate it. 

Navigation was not entirely suspended in Old Biver at any time during the yeaf, 
m for a few days in the latter part of October and the beginning of November, be- 
>re the dredge had moved the mud-lumps at Ash Cabin, n was practical for small 
Dd light-draught boats only. Navigation was completely restored at a lower stage 
ban for many years, thus indicating that the dredge is the most efficient as well as 
he cheapest means of fighting low water at this place. 

mPROVINO MI88IB8IPPI RIVER (NO LiMrr> 

Money statement. 

Beotifioation of Bed and Atchafalaya rivers : 

aly 1, 1889, amount available f86,065.97 

moant disallowed by Chief of Engineers (overpayment) . 10 

^,066.U7 
aly 1, 1890, amount expended during fiscal year, exclusive of 

liabilities outstanding July 1, 1889. $62,334.44 

lily 1, 1890, outstanding liabilities 5.02 

62,339.46 

uiy 1,1890, balance available 23,726.61 

Amount (estimated) required for completion of existing project 650,000. 00 

An'Onnttbatcanbeprotitably expended in fiscal year ending June 30,1892 350,000.00 
Submitted in compliance with requirements of sections 2 of river and 
^ harbor acts of 1866 and 1867. 

SURVEYS, EXAMINATIONS, AND INSPECTIONS. 

Since my last annual report was submitted surveys have been made in the caving 
*ends of the river near Lake St. Joseph, Lake Bruin, and Lake St. John. The ends 
f all these lakes are crossed by very large dikes, and if the river should cave in far 
noiigh to destroy these dikes it would be impossible tb replace them by parallel lines 
n the rear, and it would be necessary to abandon many miles of the present levee 
^nd construct an entirely new line passing to the westward of all these lakes and 
hrowing out a large number of fine plantations as well as greatly increasing the high- 
vater width of the river. 

At Lake St. Joseph it was found that the caving extended down-stream from the 
lead of the lake for a distance of aboot 7,000 feet and up-stream for a distance of 
kbout 10,000 feet, a total length of caving bank of about 17,000 feet. In comparing 
•his survey with the survey of 1882 it is found that the maximum recession of bank 
;>elow the lake is about 700 feet, the minimum about 550 feet, and the average about 
)00 feet. Above the lake these numbers are 800, 475, and 600, respectively, making 
kn average annual loss of bank near the lake about 100 feet ; 10,000 teet above the lake 
and extending up-stream for a distance of 7,000 feet farther, the caving has been 
rery irregular and very much greater in quantity. lu )iiace<) it amounted to as much 
l» 2,100 leet. If this rapid caving works down the bend it may involve the levee. 
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I 
bnt. if it does not tfaeleree may be considered safe for sometime to come,: 
2,000 feet from the river-bank at present. 

At Lake Bruin it appears that the caving bank is abont 17.000 f^set, aodv 
pared with the Niiryey of iHb^, shows a recession opposite the lake of l,rOO fee* - 
diminishes to 200 feet 5,0(i0 feet below. The maximum recession is 2,900 ft*^- 
fonnd at a point about 4,000 feet above the lake end. Caving diminiBfae^ t( '. 
12,000 feet above the lake. This would ^ve a maximum recession of bank 
over 400 feet per year, and as the levee is only 1,250 feet from the river, i: * 
seem likely that this levee can only last three years longer. 

At Lake St. John the caving extends from Hole- in-the- Wall to » point 
25,000 feet b«*low. A comparison with the Mississippi River CommisAion jmr 
lHti5 shows a niHximum recession of the bank line of 700 feet, at a point H, 
above the lake end. From Hole-in -the- Wall Landing to Lake St. John, for a l > 
of abont 17,000 feet, the maximum caving is 700 feet, minimum 200 feet, a: 
a veruj^e 500 feet. In front of Lake St. John the caving amounts to only 200 tV* 
it does not exceed this amount at any point for 8,000 feet below. The presei: 
bank is t'OO feet from the levee across the head of the lake. The nearest p< 
the river-bank to any portion of this levee line where a break would do eehocs: 
is 450 feet, and this is abont one-half a mile above Lake St. John. 

During the month of October, 1869, a survey was made of the Mor^ganza Ba 
the purpose of comparison with previous surveys. It may be stated that the <r 
tliat was made in 18t6, at the time the crevasse was closed, showed tbattb: 
been a loss of effective area of cross-section of the river in the vicinity of the c:* ■. 
of over 25 per cent since 1883. A survey made a year after the crevasse was > 
in the fall of 1887, showed an increase oif area of cross-section at the same fv 
as much as 12^ per cent. The survey just referred to showed little orno cb^:. 
the river channel since 1887. This may be readily accounted for by the fact th*t 
had biien no very high water between these two dates ; in fact 'the water bad dc: • 
high enouj;h at'any time to cause the levee to produce any marked effect ont>' 
men of the river. In addition to those surveys others have been made to dele:- 
the discharge of the crevasses, but these have elsewhere been reported. 

GAUGES. 

The gauge service in the fourth district of the Mississippi River has been wellR 
tained ihioughout the year, and the results, as reported from time to time, c 
regarded as reliable. By request of the secretary of the MissiRsippi Rivtr i 
misbion I caused a large number of circulars to be distributed to reliable pen* - 
my district, requesting them to mark in suitable manner the highest point rt i 
by the flood. These circulars were distributed to persons living abont 5 mile* ;> J 
as near as was practicable, along the river, 'and these persons were requested to r 
the results of their observations to the secretary. I have therefore no mn^ 
knowing how well they performed their duty. From Mr. Perrilliat, of the Locii 
State board of engineers, I learn that the flood at New Texan Landing was 1 '^ 
above that of 18H2. Opposite Bayou Sara it was 1.59 feet ; at Waterloo, 1.22 fee: J 
at Hermitage, 1.78 feet. I believe these results to be reliable. 

DISCHARGE OBSBRVATIONS. 

I had not intended in my district to do more during the present year than tofri 
discharge observations at the time of maximum mood height, but wben tbe * 
promised to be an exceptionally large one I endeavored to procure as complete .j 
of observations as was possible. A good set of observations was obtained at CV' 
ton, covering the entire period of extreme high water. A fairly good set was obitf 
at the mouth of Ked River, but, as stated elsewhere, the number of observations *i 
not siifljcieut in the early part of March to fully delineate the discharge curve. -^ 
lated observations were obtained at Warren ton, Natchez, and Baton fionge. 1 
results of all these measurements are transmitted herewith. Observations weir J 
taken at Simmsport, on the Atchafalaya River. In speaking of these results s^/^ 
good I do not mean to imply that the observations themselves were not truatwo^ 
They were all carefully taken by competent men and with the very best applw^j 
The fault with them was that they were not frequent enough. But this W!is uus^ 
able and due to the fact that I was obliged to detach most of my men durto^ M 
treme high water and make use of their services in the more important work^t^ 
tecting levees. The discharge observations therefore were necessarily taken 't* 
times, when the services of the observers could be spared for this purpose. 

The greatest discharge observed at Red River Landing was 1,4^,362 cubic ff^ 
second ; this on the 7th of May. On the same day the discharge in the AlchiN 
River between the levees was 474,2*25 cubic feet per second. The escape at ihi»« 
through two crevasses at Barbre'sand Ferguson amounted to about 20,000 cabi>^ 
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per second, and the escape throngh the crevasses in the levee of Bayon Des Glaize, 
which water was not measared in the Atchafalaya section, amoanted to about 50,000 
cnbio feet per second at the same time. This would make the maximum discbarge 
down the valley on a line drawn throngh Red River Landing to be about 2,021,617 
cubic feet per second. This I believe to have been the greatest discharge as nearly 
as it is possible to determine it. 

IHsoharge observations, 
WARBENTON. MI.SSISSIPPI. 



Dato. 




1880. 

biax. 4 

S 

6 

7 

Apr. 11 

12 



Sq. feeL 
106, 370 
196,402 
196.651 
107,444 
206,607 
207,267 



Hcan 
velocity 

per 
second. 



F«et. 
6.873 
6.368 
6.390 
6i403 
6.417 
6.536 



Discharge 
per second. 



OfOicfeeL 
1,251,490 
1» 251. 659 
1,257,495 
1,264,288 
1, 825, 568 
1,354,725 



Area 


Velocity 


Dls. 


of over- 


of over- 


oharseof 


flow. 


flow. 


overflow. 


1,250 


1.835 


2,294 


1,880 


1.77 


2,354 


1.330 


1.82 


2,421 


1,420 


1.85 


2,627 


1,760 


1.86 


8,278 


1,920 


L86 


8,611 



Vloks. 
bntg 
Saage. 



46.8 
46.4 
46.4 
46.5 

47. S 
47.7 



NATCHEZ, MISSISSIPPI. 


Bate. 


Area. 


Mean 
velocity. 


Discharge. 


Gange. 


1890. 
tfar. 17, a. m 


147,104 
147,104 


0.3953 
9.4932 


1,382,089 
1,896,492 


46.65 


17 PiTtI x-r X T». . 


46.60 




RED RIVER LANDING, LOUISIANA. 



1890. 
Teb. 21 

22 - 

23 

24 

26 

27 

28 

ilar. 8 

18 

28 

kpr.. 1 

8 

12 

16 

18 

tfay 1 

7 

10 

13 

16 

20 



196,188 


5.3468 


196,942 


5.3556 


196,068 


5.2951 


195,874 


5.3019 


198,618 


5.2542 


197,264 


5.266 


197,938 


5.838 


201,491 


5.2762 


209,042 


6.0084 


213,858 


6.344 


215, 574 


5. 3708 


218,087 


5.6322 


219,019 


6.6727 


226,701 


5.6674 


230,758 


5.6676 


241,353 


6.251 


240.864 


6.1751 


242.000 


6.764 


235,849 


5.832 


240,794 


6.710 


229,018 


&812 



1,032,038 
1,054,757 
1, 038. 199 
1, 035. 656 
1,043,557 
1,038,606 
1, 056, 503 
1, 063, 111 
1. 256, 018 
1,142,876 
1,157,810 
1, 206, 519 
1,242,440 
1, 284, 801 
1,307,790 
1,456,078 
1,487,862 
1,392,408 
1, 875, 630 
1,377,169 
1,331,105 



41.78 
4L79 
41.84 
41.90 
42. S7 
42.80 
42.58 
42.77 
45.00 
44.85 
45.00 
46.06 
46.87 
47.56 
4&00 
47.51 
47.29 
47.00 
46.76 
46.61 
46.10 



SIMMESPORT, LOUISIANA. 



1890. 
lifar. 6 

19 

27 

Lpr. 7 

10 

11 

15 

17 

klay 6 

8 

12 

14 

17 

19 , 



50,482 


4.865 


54,898 


5.0537 


53,605 


6.0057 


57,414 


6.4285 


68.802 


6.8658 


61,874 


6.828 


60,420 


6.7866 


60,162 


6.886 


68.288 


7.4967 


68,515 


7.47 


64.801 


7.476 


63,671 


7.256 


62,228 


7.177 


63,018 


7.118 



290,899 
274,886 
268,788 
811,676 
841,987 
891,536 
409,982 
414^261 
474,057 
474,454 
480,708 
461,068 
446,638 
448,554 



40.10 

42.08 

42.05 

44.26 

44.80 

44.90 

44.90 

4&16 

44.85 

44.7 

44.45 

44.81 

44.18 

44.00 



jsjxa 90—208 
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D%%6karg9 obHrvaHwM. — CoDtinned. 
BATON BOtJOS, LOUISIANA. 



Dftto. 


Area. 


HMn 
Telocity, 




1890. 
Apr. 26 


188,284 


«.«79 


1,331, OS 







DONALDSDNYILLE, LOUISIANA. 



V»b.21. 



1880. 




81,865 



CABBOLLTON, LOUISIANA. 



1890. 
Har. S 

4 

5 

6 , 

7 

8 

10 

11 

12 

14 

18 

19 

20 

21 

22 

24 

26 

26 

28 

29 

81 

Apr. 1 

2 

S 

4 

5 

7 

8 

8 

10 

11 

12 

14 

15 

16 

28 

29 

80 

May 1 

6. ......................... 

14 



178,888 


6.488 


179.674 


6.288 


181,222 


6.387 


17^74« 


6. sot 


176,754 


6.438 


174.170 


6.714 


186.755 


6.840 


18^708 


6.180 


186.008 


6.261 


187.197 


6.888 


186.888 


6.484 


186.064 


6.653 


180.805 


6.786 


182. 170 


6u2S7 


188,838 


6.517 


182,548 


6.897 


181.281 


6ul28 


188.060 


6.280 


184.617 


6u024 


181.408 


5.807 


182.566 


&858 


181.110 


&668 


179,908 


6.286 


180.689 


6.116 


179.266 


6.028 


182.045 


6.033 


182,444 


6.038 


188.068 


6.027 


179.134 


5.897 


179.698 


5.938 


178,&<S1 


5.716 


180.015 


5.788 


179.788 


&718 


180,033 


5.732 


181,543 


5.601 


182,165 


5.586 


181,180 


6.47i 


180.572 


6.437 


179.328 


6.627 


177.684 


6.264 


178,686 


6.218 



1,1«4.M6 
l,120,i;9 
1, 157, 514 
l,158.4«e 
1,131.565 
1,169.49. 
1,277.422 
1,1481.6^ 
1,158.4© 
1,280.276 
1,202.273 
1,237.84« 
1,286,1^^ 
1,202.823 
1.190^63: 
1.1W,8S5 
1,171,345 
1,177.6:5 
1,112.0c 
1,082.5-^ 
1,087.733 
1.023.634 
1,]32.6€ 
1. 104, 74^ 
1.080, 850 
1, 108,227 
1, 101,8« 
1,097. 4". J 
1,074, .17' 
1,064.H62 
1,032.24.'>* 
1. 042, 007 
1,028.«« 
1,032.004 
1.016.744 
1,008,46^ 
981,551 i 
881»73f 
991, 156 
987. U3 
986^175, 
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IMPROVING MISSISSIPPI RIVBR (MO LIMIT). 

Money statement 

Surveys, examinatioDS. and inspections : 

ly 1, 1889, amoont avaUaWe $594.44 

lount allotted from act of Aagnst 11, 1888, March 20, 1890 3, 000. 00 

3.594.44 
ly 1, 1890, amoont expended dnrinfi; ftscal year exclusive of 

iabilities outstanding July 1, 1889 $2,087.0;J 

ly 1, 1890, outstanding liabilities .51 

2,087.54 

ly 1, 1890, balance available 1,506.90 

Gauges, fourth district : 

ly 1, 1889, amount available 1,125.22 

ly 1, 1890, amount expended during fiscal year exclusive of outstanding 

iabilities July 1, 1889 725.20 

ly 1, 1890, balance available 400.02 

Discharge observations : 

ly 1, 1889, amount available 2,460.41 

ly 1, 1890, amount expended during fiscal year exclusive of liabilities 
mtstanding July 1, 1889 2,460.41 

PROVBMKNT OF THE MISSISSIPPI RIVER AT NATCHEZ AND VIDALIA, MISSISSIPPI 

AND LOUISIANA. 

?o work has been done in this vicinity, owing to the lack of funds. 

The approved project contemplates the protection of the caving banks, by means 

snbnierged sloping spurs, placed at intervals yet to be determined, but which are 

umed for the sake of estimate to be about 1,000 feet ; the estimated cost of this 

rk is $600,000. 

To prevent the flow of water across the neck of laud between Giles and Cowpen 

ads, and the possible destruction of the harbors of Natchez and Vidalia by a cut-off, 

8 proposed to construct a levee at an estimated cost of $100,000. This makes the 

,al cost $700,000. 

duch alarm has been felt by people living at Natchez during the recent high water 

regard to this threatened cut-off, which they believe is imminent. It is impossible 

make an examination of this locality at present in order to determine how great 

8 danger really is. There is a* small balance of about $700 now in hand from former 

propriations for this work, which will be utilized when the river falls to a suitable 

.«ve in making survey of this locality. 

Che amount that could be profitably expended upon this work during the fiscal 

%r ending June 30, 1892, is $250,000, which will be used for the purchase of tbe nee 

ary plant, the construction of the levee, and the commencement of the dike work. 

IMPBOVING MISSISSIPPI RIVER AT NATCH RZ AND VIDALIA. 

Money statement. 

ly 1, 1889, amount available $700.65 

ly 1, 1890, amount expended during fiscal year, exclusive of liabilities 
jutstanding July 1, 1889 25.00 

ly 1, 1890, balance available 675.65 

imouot (estimated) required for completion of existing project 700, 000. 00 

\.niountthat can be profitably expended in fiscal year en ding June 30, 1892 250,000. QQ 
:)iibmitted in compliance with requirements of sections 2 of river an4 
harbor acts of 1866 and 1867, 
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List of oivil engineer» employed an worke of improvemetU is dtarge of C^i 
Kingman^ C&rp» of Engineers, during the fiscal year ending June 30, 1690, t< 
river and harbor appropriation acts of August, 1886, and Auguat, 1«J68. 



KMne and rosidenoo. 



Time em. 
ployed. 


Compen- 
aafcion. 


Mom. Days. 
2 10 


PnmonUL 

$175 
175 


8 n 


175 


I 22 


176 


1 7 

2 U 
2 33 


175 
175 
150 


2 24 


150 


8 6 


ISO 


1 
2 


150 
150 



Where evployed. 



Work OB vhicfco. 



H. & DonglM, New Orleaos . . 
Do 

W. G. Price, Simmeport, La . . 

Do 

1)0 

Do 

John Ewens, Simmsport, La . 

Do 

W. J. Hardee. Point Pleas- 
ant, La. 

Do 

Do 



NewOrleam 

Leveee on Tenaaa 

Front. 
Slmmaport, La — 

Bayon Plaqae- 

mlnOb 
Korgansa Levee.. 

Simmaport, La 

do 



Kew Orlewufii:^ 
ProteotioB of I^tm 

BeotiflcatioB oil- 
AtchalSaia3-a n<? 
Improviiu; fisva 



Bayoa Plaqne- 
mine. 

Leveee, Teaeaa 
Front. 

...do 

Snrvey, examina- 
tion, and iaapee- 
tion. 



'PnrtaetSon of le^f« 
Dlecharice obeem 
Beetification of 

Atchafalaya rs 
IminvviDg Bftvi 

mina Looiaiiiyi 
Haxd Tlniea-Wi:sie. 

ProteotloB at lerm 
Sorrey, exainiiuKL. 
apectkin. 



Approximate value of plant belonging to the United States and used upon ike "j 
ment of Mississippi Biver, fourth district. 



Class of property. 


Approximate 

valne June 

10,1880. 


Class of property. t» 

1 


Steamer OtnereU Newton 


$18,000 
7,000 

8.000 
8,500 
8,500 
10.000 
10.000 
12.000 
M.500 


One floating store-houjue^ ^ . , , ^ , ^ ^ ^ ^ 




Steam-tuir ChniMtoek 


Fourteen row- boats ............. . 




Steamtaff TUda (almost totally de- 

stroyedbyflreMay8,]890) 

8tAam-1aiinoh Rubit 


Tools and sppliancee ....x.. ....... 


Office Itimiture 


SnrvevinflP instr amenta. .......... 


Steam-launch Alatka 


Drawing instruments ............. 




One dredge-boat (Menge patent) — 
Fonr domD-BoowB ....... . ........ 


Railway cars and track. ........... 




'MiftnAlIaneoas : roclF. lumbe** etc. 




Five quarter boats 


Total 


T^enty*nine barges ................ 






. 



REPORT OF MR. H. 8. DOUOLA8, A8SISTAKT ENGIKKRR. 

New Orleans, La., May 31. 

Captain : I have the hoDor to sabmit tbe following report on conBtrnrtioc/ 
and protection of levees, Tensaa Front, fourth district, from Jane 1, 1889, k t' 
1890: 

At date of last report but little work was in progress on levees. The Harr! 
Wilson Levee was under construction, being about three-foorths completed 
was prosecuted an til February 7, 1890, when the levee was reported completed, 
inspected and received February 12, 1890. This levee contains the greatest' 
of cubic yards of earth of any levee yet undertaken by the United St-ates. • 
tents being 710,163.17 cubic yards, and, including enlargement of old levee, 
miles long. A portion of the levee was built on a ridge between two lake? 
ridge was broken at one point by a bayon or channel connecting the two taker 
locality was known as tbe ''Gar Hole." The lin^ of embankment crossed tbb 
and some difficulty was anticipated on account of defective foundation int<- 
the levee mi^ht sink. To obviate thiH, however, two side levees werebu/ 
the ** Gar H(ue,'' inclosing the space for the base of the levee proper. Thesp' 
then pumped dry, and the logs, fallen trees, etc., removed. Then two mock, 
were cut, the depth of each being sufficient to re»ch hard ground. The f 
ment was then built in the customary way. As it was feared that there toi 
bodily sinking of the levee at this point, the earth of which it was built wa« ^ 
in excavation instead of in embankment. With this exception there were uu 
features in the oonstraction of the Hard Times- Wilson Levee. 



EXDIX WW — ^REPORT OP MISSISSIPPI RIVKR COMMISSION. 3317 

the latter part of January, 1B90, the rapid caving of the river bank at Point 
sant threatened to breach the levee at that point and flank the Hard Times- Wilson 
se. A piece of new levee was authorized at this place, and its construction com- 
oed in Febraary. But little progress baa been made, owing principally to the 
bt of the river which filled the ground with seep water. 

iring November, December, and January an assistant was sent into the field to 
a line of levels over all the United States levees in the district to ascertain posl- 
ly their condition. The result was generally favorable, the only levees which 
lired any repairs being that portion of the Shipps Bayou to Hard Times Levee 
slug the bed of Lake St. Joseph, some portions of Evergreen, and the Kempe 
ee. 

le work being considered necessary arrangements were made for the requisite 
8 and labor. Work on Shipps Bayou to Hard Times Levee was commenced Feb- 
•y 22 and completed March ^. On Kempe operations were commenced February 
>ut have not yet been entirely completed, owing to the high stage of the river, 
ch cut off the supply of earth. On Evergreen nothing has yet been done in the 
' of permanent repairs. 

n February 12, when the final line of levels was run over the Hard Times Wilson 
ee the river had risen to 44.8 feet on the Vicksburg gauge, and was againot the 
le for its full length. Reinforced by heavy rains in the valleys of the Miesissippi 
Ohio the river continued to rise, and on March 12 had reached 47.4 on the Yicks- 
B^ gauge. This properly brings me to a report on the 

PBOTEGTIOir OF LEYEBS DUKIXa HIGH WATBB OF 1890. 

n March 12, 1890, 1 received orders from you to proceed ftom New Orleans to the 
tes on Tensas Front, for the purpose of holding them, if possible, against the ex- 
ordinary flood which was even then straining the line and threatening disaster, 
ccordingly , on March 13, 1 left on the steamer General Newton with a barge in tow. 
t barge was loaded with 50,000 sacks, 50,000 feet of lumber, tarpaulins, chains, twine, 
Ls, etc. On the way up we stopped at the Grovemment fleet near Simmsport where 
e w heelbarrows and shovels were taken aboard . Although the boat, with a double 
nr, was run night and day, owing to stormy weather and breaking of machinery 
did not arrive on the Tensas Front until the afbemoon of March lb. 
1 goin^ up numerous stops were made for the purpose of ascertaining the condition 
be various levees, and if assistance was needed. Word was received that the Point 
asant Levee was in a dangerous condition and sacks were needed. We arrived 
^oint Pleasant on the morning of the 18th, and found a large foree at work and 
levee temporarily secured. 

y this time, owing to the running off of a heavy local rainfall and the breaking 
everal levees above on the Tensas and Yazoo ironts, the river had commenced to 
ine. It was known, however, that this decline was but a temporary relief and 
) the '* Yasoo return wave" would have the same effect as in 1884, of putting the 
ir to a much higher stage than the one that had passed. 

no wing this, the most active and energetic work was at once undertaken all along 
line. All known weak places were strengthened and arrangements made to con- 
trate forces and materials at any threatened points. 

be line of levees which yon assigned to me extended fi>om opposite Warren ton, 
».. to Fairview, La., a distance by the levees of about 125 miles. Of this long 
tch there was but a very small proportion that did not require work of some kind 
its maintenance, and at times it was impossible for me to get over the line to iu- 
•t and direct work as rapidly as I desired. 

he river continued to fall until April 2, the total fall at Vicksburg being 1.5 feet. 
Joseph 1.65 feet, and at Natchez 1.5 feet. Another rise from the Ohio, augmented 
k rise ft-om the Arkansas, passed the foot of the Yazoo Basin at the time the '^re- 
1 wave" was pouring into the river. 

n April 3 the river commenced rising at Vicksburg and continued until it had 
I bed 49.1 feet on April 24, 0.1 foot above the flood of 1884. In general terms it may 
aid that, so far as the fourth district is concerned, the flood of 1890 culminated on 
il 23 and 24, at the latter end of a wind- storm of three days' duration. On April 
he St. Joseph gauge read 45.1 feet, 0.2 foot above lr;84, and on April '^3 the Natchez 
ge 48.6 feet, 1.2 feet above 1884. There were a number of local heights which 
be noted later. The extraordinary height attained on April 23 and 24 was owing 
he discbarge of the tremendous rainfall in the basins of the Big Black, Bayou 
TO, and Golems Creek, all flowing into the Mississippi between Vicksburg and 
chez. 

etween April 22 and 24 nearly all the crevasses on the Tensas Front and Atchafa- 
i Front occurred, and the rather extraordinary feature of a fall traveling up-stream 
I noted. On the 24th, at 11.30 a. m., private observers at Natchez reported 4 
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inches fall ; at Hole-in-tbe-Wall, at 4.30 p. m., 2^ iDcbes ; at Kempe, at &4" - 
inches; at St. Joseph, at 9 p. m., 1 inch, and no fall at Hard Times or Poitii : 
on the morning of the 25th, if anything a slight rise. 

The npmber of creyasses on the Tensas Front, history, width, deptb, and d.- 
have already been made the subject of a previous report. 

The follewinf^ is a general description of the work done on tbo several ''*- 
protection during the flood of 1890, their condition, and such other inform i 
oould be obtained : 

Bedford Ja^w, — Head of district; is an ante-bellum levee of strong secth- 
work waa necessary. 

Diamand iBland Xcvce.— New levee bnilt by State in 1888-'89, extending fr 
ford Levee to Bayou Videl. No work was necessary, but it was guarded by l 
authorities. * 

Bayou Videl Leoee, — On west bank of bayon from Diamond Island Levee ? 
Palmyra. No work was done but the levee is generally very scant in serr; 
was a source of considerable anxiety. 

Palmyra Levee, — I have given this name to the long line of embankment <*i- 
around the bank of Lake ralmyra from Bayou Videl to Point Pleasant. Tht . 
portion of this line is old levee of very strong section. Some work was neet» 
the way of raisins at New Carthage, at Woodlawn, and Somerset. A sniaii s 
(|10()) was expended on this levee for labor by the United States. Some ir< -. 
done and paid for by the local anthorittes. 

Point Pleaeani Levee.^From Lake Palmyra to Hard Times- Wilson. This ^ - 
bnilt and enlarged by the United States in 1&82, 1883, 18»4, and 1885. I; < 
in section at a i^iw places, is generally lacking in height, is full of cray-fish Ih . 
has decided tendency to slough. It was a constant source of danger^ troc^ 
expense during the flood. As early as March 15, an extensive slough occnm-. 
Turner Place. This was secured by the United States at a cost of $1,096. Frt 
9 to 19, 1,000 sacks were placed on the levee to repair and prevent wave-w&- 
April 20, another slough occurred near Bland's store, which was secured k- 
levee was rained from 1 to 1^ feet for a length of 450 feet On the ni^rht of A: 
the old slotigh on the Turner Place caved m half way, the crown of the \v^ 
the land slope let down for 50 feet above and 140 feet below, making the slon^ 
250 feet in leneth. The earth used to repair the injury had to be wheeled :t 
to 1,000 feet, the greater portion about 700 feet. Three thousand five huudrr 
were used in addition to earth wheeled in. These sacks were filled abont ^ 
from the levee, wheeled onto a flat-boat and boated in front of the sloDgL 
they were dumped dverboard to form a sort of a retaining- wall for the n<rv 
wheeled in. The cost of this work was |1,148.80, making, with the $1,096 pp-* 
mentioned, 1:^,240.80 expanded on this levee by the United States. On the lov 
of the line the levee was raised by the local authorities for a distance of aboi* 
feet. This whole line shonld be raised, enlarged, and the numerous cray-£$l 
repaired. It is far trom being safe. 

Hard Times- Wilson is a new levee built by the United States and more fully de« 
in the beginning of this report. It extends from Point Pleasant to the Unitt^u 
Shipps Bayou to Hard Times Levee. Although this levee gave considerable t- 
it was to be expected on account of the newness of the embankment, its extt 
height. It is only surprising that it did not give away, considering that v 
month after its completion it was exposed to such an extraordinary flood, 
nowheie lacking in height and no raising was necessary. The only weakn*^- 
sloughing and injury from wave-wash where the fresh earth was exposed. Or. 
27, a slight slough occurred near the *' Gar Hole.'' It was repaired at a cost of f 
This slough recommenced on April 2, and it was again repaired. From A[>7 
19, 2,000 sacks were placed in the levee along Marshall Kidge to repair and \ 
wave-wash. From April 19 to 29, the levee sloughed at eight different p1ace> 
was only by hard work that a break was prevented. Four of these sloughs in. 
in a distance of 1,500 feet. The rains had filled np the swamps on the land ^i 
in some cases it was necessary to wheel in the top of the levee itself. Forti ■ 
the levee had ample height, otherwise this would not have been possible. I 
the heavy rain of April 21, 22, and 23, the slough near the '* Gar Hole" agair 
and the top of the levee had to be nseid to secure it. About 3,000 sacks were : 
the same manner as at Point Pleasant. The top of the levee was used to r^p. 
sloughs for a distance of 2,200 feet, the cut being from 1 to 3 feet in depth, ti 
leaving 1^ feet of levee above the water at its nighest stage. . There wen' :-■ 
number of weak points, in addition to those mentioned, but they were not wor 
as the danger was not imminent. They should undoubtedly be repaired before .. 
flood. Along the Marshall Ridge where the levee is composed of sand, it fasb . 
been destroyed by rain and wave wash. It is in a very dangerous condition 
2,900 feet of crown that was wheeled into the sloughs should by all means htn> 
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ae ooet of the protection work since March 31 was tl,640.&0; previous to that date 
78.50 ; total. $2,219. 

Shipp*9 JSa/ifau to Hard Times Levee^ or as now known, ** Hard Times Levee," was 
ailt by the United States in Itm, 1883, 1884, and 1685. About one-half of this line 
1.8 been thrown out by the construction of the new Hard Times- Wilson, The portion . 
>w in service connects the latt«r levee with Evergreen. It crosses the lower end 
r Lake St. Joseph and is without doubt, from a financial stand-point, the most impor- 
bQt levee in the fourth district. It was located by myself in 1882, and is as far back 
'oni the river as a practicable crossing of the lake could be found. For a distance of 800 
'et this has been a constant source of tronble and expense on account of the embank- 
lent settling bodily into the lake bed. Every year since its apparent completion in 
::$85 it has Men raised by the local authorities or by the United States. During the 
reaent flood the crown of the levee was only 0.8 foot above the surface. Should a 
reak occur and the usual deep hole be scoured oat on the line of the levee it would 
DC be practicable to again dike the lake, and the result would be the abandonment of 
ti« Hard Times, Hard Times- Wilson, and Point Pleasant levees, worth in round uum- 
ers about $300,000. In addition to this an entirely new line of levee would have to 
e bnilt encircling Lake St. Joseph on the west bank and joining the Lake Palmyra 
«evee in the vicinity of Ashwood. Knowing this, this short piece of heavylevee in 
he bed of Lake St. Joseph was a source of the greatest solicitude. I believe that the 
ettling still continued and was afraid to place much additional weight on top. All 
hat was done here was to fill and place 200 sacks on the lowest point to prevent the 
rater running over. This cost $32.50. A small slough occurred on the lighter portion 
f the line out of the lake bed, and this was repaired at a cost of $148.25 ; total $180.75. 

The flood of 1890 exceeded that of 1884 by 0.25 foot at Hard Times Landing; 1884 
vsLS 0.5 foot above 1882 at that point. 

Evergreen Levee connects Hard Times with Hardscrabble Levee. The major portion 
f this levee was built by the United States in 1885! It was found to below at several 
»ointfl, but showed no signs of weakness. During the height of the flood some rais* 
ng was done by the force engaged on Hardscrabble. No separate account of expenses 
ras kept. 

Hardserdbhle Levee. — This levee was completed by the United States in 1885, and for 
ts height and section is a remarkably good levee. It was generally overtopped by 
he flood and was raised by throwing up a narrow ridge of earth and sacks on the 
»dge of the river-crown, for a distance of about 4 miles. As the rain had filled up the 
wamp, the land crown of the levee is now in very bad shape for about 4 miles, and 
hould be raised and repaired before another flood. The cost of protection was 
11,806.77. 

Bandurant Levee is a continuation of Hardscrabble and was completed by the United 
Hates in 1883. Since that time, owing to the rapid caving of the bank, a new run- 
around, or horse-shoe, to close some gap has been built almost every year, either by the 
United States or local authorities. But little of the original Bondurant remains. This 
evee gave a great deal of trouble, was low, lacking in section, exposed to wave wash, 
wd sloughed badly in two places. Nothing buthard and energetic work and the lilteral 
cise of sacks and lumber prevented a brt^ak. Prior to my arrival a great amount of 
work had been done and paid for by the local authorities. The front of the levee had 
been sacked, the line had been raised, the nloughs repaired, and with a falling river 
it was secure. The second rise necessitated additional work, which was done and 
paid for by the. United States at a cost of $1,102. Ten thouBand feet of lumber and 
4,000 sacks were used. A new levee is now being bnilt by the local authorities be- 
hind the most dangerous portion. 

From Bondurant's to St. Joseph^ about 4 miles, is an old levee built many j^ears ago. 
There were several crayfish holes and sand boils which were repaired by the local 
anthorities. At the town of St. Joseph the flood of 1890 exceeded that of 1884 by 0.2 
foot, and 1882 by 0.6 foot. 

From St, Joseph to Kempe^ a distance of about 9 miles, there are two large levees, 
the Marshal] and Lee, both of which had to be raised, the latter very extensively. 
The work was done by the local authorities, the United States furnishing 5,000 sacks. 
Kempe Levee, — The existing one is the second built by the United States since 1882, 
and it is abont the heaviest piece of embankment in the district, ranging from 16 to 
22 feet in height for a distance of 3 miles. The present levee was completed and re- 
ceived in February, 1889, and^ considering its newness, stood the flood remarkably 
well. The weakness was conhned to abont 500 feet of the line where the contractors 
had struck a sand pit and built the embankment of almost pure sharp sand. The 
levee at this point was about 22 feet high. On March 23, the first signs of weakness 
were observed. A stream of water of considerable size broke out of the ground about 
10 feet from the base of the levee on the land side. A double bulkhead of lumber was 
built around it and the space between filled in with tamped clay. This eventually 
showed signs of weakness and the bulkhead was re-enforced with 1,600 sacks. This 
closed the hole and it gave no further trouble. There was a force at work on this levee 
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raising it and bringinff the crown to a nniform grade. Preyfons experieim <r 
levee m bnilding it by liired labor bad taught me that duriog high waXer U wa- . 
a matter of a short time when the swamp back pf the levee would be deeply over^^ 
from back water and rain, when no earth conld be obtained. 

I went to Simmsport and towed up one of the light barges Tielonfingr to the V: 
States for the purpose of boating earth from the old levees when the before-mec: 
contingency sbouid arise. The barge arrived on the work March 31. WithoL^ 
believe the Kenipe Levee would have given way. On April 8, while inspfwii:!. 
the levee, I discovered that the sandy portion was becoming very soft on thr . 
side. April 10, another inspection was made and the softness had increaaed, * 
streams of water passiog thro ngh. Work was absolutely necessary, and. op«B 
to strengthen the levee were commenced the following day. My next visit «& 
Sunday the 13th, when I found no force at work, it not being cnstomary axnot^ 
negroes to work on Saturday afternoon or Sunday. The danger was immioet 
there was a large portion of the levee that had become semi-liquid and a bre^k 
liable to occur at any moment. The citizens up to this time k^i not appreciate! 
danger and bad not sent their laborers to the work. It became necessary for z 
noti^ thep of what was threatened, that a saturated^bank of sand was all that ^ 
between them and overflow. After this no further trouble was experienc^ed la ^ 
ing labor at all times. Long before this the back water had cut off tfae snpp'- 
earth on the land side and all the material used to secure this sandy portion o: - 
levee had to be boated. The souroe of supply was the tops of old abandoned >- 
in the vicinity, the barge being pulled through the timber for about half a mil- 
hand. On April 28 it became necessary to engage a tow-boat and tow the baru- 
miles up the river in order to get earth. By May 1, the weak point in the new £-. 
Levee had l>een secured, but in the mean while the old Kempe above bad comzLft 
to slough, and the barge was transferred to that point and all weak places wc^ 
paired. All work was suspended May 8, and the barge was returned to Si mmspon. 
cost of stopping the hole underneath the levee wa8S<^5.65; of securing sandy pr 
of new levee and sloughs in old levee, $2,930.35. As about 6,61£ cubic yards of ri. 
was placed in the levee the cost per cubic yard was 441- cents per yard, which, 4* 
the earth was boated, I consider remarkably cheap. This is the first time v/ithif 
last twenty years that any of the numerous levees built in the Kempe Bend .. 
ever held an extraordinary flood. The greater portion of the work done ba^ 
advantage of being permanent. The raising of the levee should be oompleti^ t 
some little work done on the known weak places at low water to make the line : 
sonable secure. 

At Kempe the flood of 1890 0.31 foot below 1884. 

Kempe to L* Argent, about 8 miles, stood the flood without showing any weakD>'«> 
importance. Some little work was done by the local authorities for precautio:. 
reasons. 

At Waterproof the flood of 1890 was 0.6 foot below 1884. 

V Argent to Rifle Point. — This is a general name for about 9 miles of the worst V 
in the district, ou which more money wae spent and more material used than any «• 
place. The local names for the line wore in order L' Argent, Aquaska, Monona, II 
m-the-Wall, Delhi, Canebrake, Shamrock, and Yancluse, and except Hole- iii-tb«? 't^ 
was built in 1856. It had every element of weakness that I ever heard of in a lo 
was too low, lacked base, lacked crown, was exposed to wave wash, riddled wither 
flsh holes, had large standing trees growing in the slopes, old rotton atnnips in 
same, sloughed, and was rotton and worthless in every respect. Work for it« pro • 
tiou was found necessary as early as January 28 and continued until April 4 under i 
direction of the fifth Louisiana levee board. On April 5 the United States asgac 
charge of the line and the greater portion of the work was done and required »» ' 
Hood reached its height on April 2:1. The whole line was generally overtopped tr 
0.5 to 2.5 feet, and was raised principally with sacks, and in several placea none of > 
original levee could be seen, it being entirely covered with sacks. There were xi 
teen sloughs aggregating 957 feet in lengtb, some of them the most obstinate . 
dangerous I have ever had to deal with. There were two large dikes on the 1/ 
across Bayou L' Argent and the lower end of Lake St. John, and both of them sloagb 
At Lake St. John the dike was overtopped 1.5 feet and a crevasse nearly occsr: 
The seepage water through the levee had overflowed the lands in the vicinity recti- 
ing difficnlt to get earth with which to fill sacks, etc. Large ditches were oti^ 
drain this water off, some of them as much as li miles long. Thia drainage va« 
great benefit and assisted materially in the holding of the levee. It would be \ 
tedious to describe all that was done in detail. Work was praotically contin^< 
over the whole 9 miles. Over 60, 000 sacks were used, 29,750 of which were fumi?): 
by the United States and the balance by local authorities. About 4 miles of the k^> 
was overtopped by the flood, in some places as much as 2.5 feet. The bight of t 
flood at L' Argent exceeded that of 1882 by 2.58 feet and that of 1884 by 1.66 i» 
The ooat of the work to the United States was ^,684. 
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Rifle Point Levee from Riflfi Point to Grasemeref abont 2 miles. — Prior to my arriyal 
tome work bad been doue by the fifth Louitiianalevee board in the. way of temporarily 
raisiDg low places. At the height of the flood the levee was overtopped and was 
raiBed with earl h for one-half mile. A few hundred sacks were used and contributed 
by the owner of the plantation. The cost of the work was I112.&0. 

Grassmere Levee connects Rifle Point with the United States Lake Concordia and is 
iboat 1 mile long. It is a very old levee and in its time was veiy strong, having a 20- 
foot crowB. Its present weakness is lack of heieht. Before my arrival it had been raised 
bemporarily for abont 2,000 feet by the fifth Louisiana levee board. This temporaiy 
work was afterwards raised and strengthened by the United States. The height to 
v^hich the levee was overtopped was the thickness of four sacks laid on the flat, or 
ibout 1.75 feet. At this locality the flood of 1890 exceeded that of 1882 by 1.9 feet 
ind 1884 by 1.4 feet. The cost of the protection work was $221.90. 

Lake Concordia Levee was built by the United States in 1882-'83. It is a long line 
>f generally light embankment encircling Lake Concordia for a distance of abont 
18 miles. The upper end is at Good Hope Landing and the lower near the town 
>f Vidalia. The flood of 1884 breached this levee at numerous points. These 
i^aps were closed and the line raised abont 2 feet and enlarged for about 3 miles by 
Dhe United States in 1885. This raising and enlarging were afterwards completed by 
local authorities over the whole line, I believe. The flood of 1890 has proven that 
it must be still further raised and enlarged to be a reasonably safe levee. Before 
fny arrival proteotiou work had been done by the fifth Louisiana levee board, some 
12,400 sacks being used to raise the levee and repair wave- wash. As in the case of 
L'Ai*^ent to Rifle Point, it would be tedious to describe the protection work done in 
letail. With the exception of one mile on the upper end work was almost contin- 
30U8. Although the levee was only overtopped for a little over a mile it was awash 
for three times that distance. There were eight sloughs in the line, aggregating 
^0 feet in length, and the levee was badly wave-wash^ for 6^ miles. On April 22 
the levee broke about 150 feet from the large crevasse of 1884. The break was one 
>f those accidents that will occur as long as levees exist. No warning was given, 
ibnd a few minutes before the break occurred persons had passed over tne levee and 
loticed no signs of weakness. Full particulars in reference to this crevasse have 
>een given in a previous report. The cost of the protection work done on this 
evee was $2,143.70; 16,000 sacks and 30,000 feet of lumber were furnished. 

Palto Alto Levee, about one-half mile long, connecting Lake Concordia with the 
:own of Vidalia, required practically no work. 

Town of Vidalia Levee, about 1 mile long, is generally a very insignificant affair, 
'n some places there was practically no levee. At the height of the flood the citizens 
appealed for assistance and 2,000 sacks were furnished them and labor to the extent 
)f about $125.30. The work done was successful. At this point the flood of 1690 
exceeded that of 1882 by 0.7 foot and 1884 by 1.1 feet. 

Amauldia Levee, about l\ miles long, runs from Vidalia to Whitehall. A considera- 
)le portion of this levee was fine sand, and after the Concordia Crevasse it was allowed 
;o wash away and cause a crevasse, which, however, was a small affair. The levee 
WA% badly exposed to wave-wash, and had been strengthened by facing with sacks 
!br about one-half mile. The cost of this work was $197.50. 

Whitehall Levee, about 2 miles long, from Amauldia to Lucema. There was alow 
)Iace, which was raised, at a cost of $4* 

Scotland and 8t, Genevieve Levees, about 2^ miles long, required but little work. 
Some repairs had been made by the fifth Louisiana levee board prior to my arrival. 
The United States expended $ll.dO in raising two low places that had been previ- 
>u8ly worked on by the levee board. 

Forest, Moro, and Morville Levees, abont 4i miles long. These are all small levees 
nrhich high water seldom reaches. The protection work done was mostly to prevent 
wave- wash and raise a few low places. The residents did most of the work and fnr^ 
Fiisbed the material. The levee Doard had done some work prior to my arrival. The 
Qui ted States expended $119 for labor on protection of these levees. 

Henderson-Ashley Levee extends from Morville to the United States Greens to Fair- 
vlew Levee, about 5 miles in length, and is for a considerable distance 15 feet high, 
rt is abont thirty years old, and, like most of these old levees, very strong in section. 
Lack of height is its only weakness, and this, unfortunately, was a fatal one. Prior 
to my arrival some of the low places had been raised by the levee board. At the top 
yf the flood the line was overtopped an average of 1 foot for a distance of 4 miles. I 
bad had a small levee built on the edge of the river orown of the main levee, and a 
strong fight was made on this. The Concordia Crevasse demoralised the force, and 
>ne of the numerous breaks in the small levee on top was allowed to get too much of 
ft start. The water running over the top of the old levee caused a crevasse which is 
Tally described in a previous report. The cost of the protection work was $513.75. 
Ibout 8,000 feet B. M. lumber and 4,000 sacks were usea, of whioh 5,500 feet of lum** 
»er and 1,500 sacks were furnished by the United States. 
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Greens to Fair Vieto and Deer Park Leveee.-^ThiH in practically one line, aK- 
iniles long, built by tbe UDited States. The original Greenn to Fairview n-^- 
pleted in 1H84, and Deer Park was bnilt in 1888 to cluaea gap in the main line a,- 
by caving of the river bank. Tbe line, consideriog its lengtb, required but littl« t- 
the principal element of weakness being lack of height. It was extensivelr ^ 
topped by tbe flood. Before my arrival work bad been done by the levee I* 
Some rutiiored dishonest work on the Deer Park Levee had been repaired, and & 
hole underneath the levee on the Fish Pond place had been closed. The npp^ 
of the line pasnes throngh cultivated lands, and on this portion there wens se- 
incipient sloughs, some wave-wash, and the levee was overtopped for 14- tni]^, 
was raised with sacks and lumber. The lower end of the line passes throne^ 
Glasscock Swamp for a distance of ^ miles, the embankment ranging from 12 ■ 
feet hi^h. It was and is an excellent piece of work, although scarcity of n 
caused it to be built with small section, the slopes being only 2 and 3 to 1 an*'. 
crown 8 feet* At the height of the flood it was overtopped for over a mile, au^ 
raised by building up the edge of tbe river crown, using the edge of tbe land rr 
for that purpose. At the lower end in the Fairview field the levee 'was xva«hed 
siderably by the waves, and should be repaired before another flood. The crow- 
the Glasscock Swamp will have to be repaired and this portion of the line shock 
cleared of the dense growth of timber which has grown up on the slopes of the W- 
In the open fields above the levee should be raised where low. An entirely: 
levee will be necessary at Deer Park, as the present lino will cave in when tb(* r 
falls. The cost of the protection work was $572.32. Four thousand feet B. M. 1 
ber and 2,500 sacks were furnished by the United States. No aocnrate data as t< 
comparative height of the flood of 1890 were obtainable, but it is claimed to have .• 
1.66 feet higher than 1882. I believe this to be nearly correct, as the established gn 
of the levee was only 1 foot above 1882. 

Fairview is practically the lower end of the levee system on the Tensas Fr 
The levee board have continued the system about 2 miles f:irther, and. below: 
there are gaps, private levees or isolated pieces of old public levees. 

The term " slough " has been frequently used in this report in desoribinK a cerr 
kind of weakness in some of the levees. A slough is the giving away of the land slo,-^ 
the levee, caused by the saturation of the embankment or its foundation^ or perl;: 
both. The first indication of a slough is generally small stn^ams of water mo : 
throngh the levee. Next a crack cotumenoes to open on the slope, and a large ^- 
circular mass of earth slips down, leaving the slope nearly vertical. Slonghit: 
progressive, and if something is not done it eventually goes throngh the levee ai= 
crevasse is made. The method nsed in cases of this kind was really nothing m 
than to build the levee out towards the river faster than the slongh progressed f* 
the land side. In some cases plain earth was wheeled in ; in others sacks were i'* 
and sometimes both, the sacks being placed so as to forma retaining- wall and foui 
tiou for the earth. In one case, Point Pleasant, nearly all of the original leve^* '. 
sloughed away and a new levee built on the river side as described. There is a rii'- 
that in dumping loose earth on the river slope it has the same result, and answer?!: 
same purpose as putting sawdust under a leaky barge— that is, of stopping the lea 
However true this may be, none of the sloughs that came under my observation w 
secured until virtually a new levee had been built in ftont. 

Where it was necessary to raise a levee with sacks the method nsed by me wa« 
place the sacks end to end and lightly lapping each other, parallel with the IIl^ 
the levee. If necessary this was re-enforced in tbe rear by a second line, break: 
Joints with tbe first. If a second tier in height was reonired they were laid in : 
same way, very much in the style of a brick wall, only tnere were no headers. L; 
in this way, with some earth scattered between by way of mortar, they seldom leakr 

I think that so far as the fonrth district is concerned the flood of 1890 may 
considered the most extraordinary of which we have any record. At snch potsf.') 
it did not exceed in height it exceeded in duration. At Yicksbnrg tradition n.Ai 
the flood of 1862 considerably higher than that of 1890, but as the latter flood wr 
above the danger-line on January 30, and on May 31 it is still above it, a period 
121 days, I think 1890 certainly exceeds in duration. 

Starting on January 30, when the river reached 41 feet on the Yicksbnrg gauge 
have compiled the following data, showing duration of flood: 

Above 41 feet, 121 days, and is still above ; above 42 feet, 119 days, Februarr 1 
May 30 ; above 43 feet, 112 days, February 4 to May 26 ; above 44 feet, 105 day 8^ Fr 
rnary 8 to May 23 ; above 4,S feet, 96 days, February 14 to May 20 ; above 46 feet, 
days, February 26 to May 17, above 47 feet, 50 days, March 11 to March 24, Apri' 
to May 12 ; above 48 feet, 22 days, April 15 to May 6; above 49 feet, 3 days, April : 
to Anril 26. 

AtT^atchez the flood of 1890 on April 23 reached 48.60. The highest flood previocf 
recorded was In 1815, when the gauge reached the same height. As it is scarce. 
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probable that there wan anything approaching a line of levees In 1615, it does not 
appear reasonable to believe that the levees have raised the flood at this point. 

As pievioQsly stated, the line which you assigned to me was 125 miles long, and in 
thiM stretoh, according to the general impression, there are some of the worst levees 
to hold against a flood that are to be fonnd anywhere on the Mississippi River. Con- 
sidering the magnitude of the flood, it is gratifying to report that but three crevasses 
occurred in the distance of 125 miles, and one of these of no importance. The aggre- 
gate width of all three was 2,165 feet, or less than half a mile. 

In conclusion I would state that while the employes of the Government did all 
they could, their efforts would have been of no avail had it not been for the energy 
and public spirit of the residents themselves. If assistance is due to those who help 
themselves, then these people are fully entitled to all the aid that can be given them. 

JL left New Orleans March 13 and returned May 15, being absent sixty-three days. 

Accompanying this are the reports of Mr. William Garvin, overseer ; Mr. Y. MaKcy 
Markoe, in6}>eotor, and Mr. L. P. Anlt, snbinspector. « 

Very respectfully, your obedient servant, 

H. S. Douglas, 
AssUiant Engineer, 

Capt. Dan. C. Kingman, 

Cifrps o/MngineerB^ 



BBPORT OF MR. WILUAM GARVIN, OYBRSEER. 

Nkw Orleans, La., JIfay 19, 1890. 

Sir: I have the honor to report as follows: I arrived at Point Pleasant on April 
2 and in accordance with your verbal instructions assumed charge as inspector of 
the Evergreen, Hard Times-Wilson, and Point Pleasant levees on April 3. 

I found a force of men at work repairing slough at the Gar Hole on the Hard 
Times-Wilson Levee. This place was protected by the usual method ; increasing 
width of levee, building out on river side. At this point- it was difficult to obtain 
earth, the land side being almost entirely submerged by water from White Oak 
Lake. The material used was mud dug from the bank of the lake and the wheel was 
bk distance of from 400 to 800 feet. To use this material all the timber felled on the 
right of way had to be cleared off, which added very much to the cost of the work. 

From April 9 to 19 about 1,000 sacks were placed on Point Pleasant and 2,000 on 
Hard Times-Wilson Levee, along Marshall Ridge, to protect them from wave- wash. 
Alon^ this ridge the levee is built principally o? sand and has been badly damaged 
by rain and wave-wash. In many places the crown is not more than 2 or 3 feet in 
width and the land side has been washed out to a alone of about 1 to 1. 

From April 18 to 29 work was done on eight different sloughs on Hard Times- 
Wilson Levee, four of them within a distance of 1,500 feet and about 1 mile above 
Hard Times Landiuf^. For these sufficient earth was found on the lake bank, but it 
was very wer. and difficult to handle. One about 3,000 feet below Qar Hole had 
lake water at base of levee and I was forced to cut top of levee to protect it. One- 
half of the crown on the land side was cut 18 inches deep for a distance of about 
1,000 feet. For the two about 400 and 900 feet below Gar Hole the earth was taken 
from the bank of White Oak Lake. 

Daring the heavy rains the old slough at Gar Hole commenced washing and going 
down very fast and increasing in length. It was covered with old tarpaulins to pro- 
tect it ftom rain-wash. AH the earth on Lake bank had been need during previous 
-work and the top of levee was taken to protect this place The entire crown was cut 
from 1 to 3 feet in depth for a distance of about 1,200 feet, letting the levee stand 18 
inches above the water at the highest gauge of the river during the present flood. 
Three thonsand sacks were used on this work. They were dumped from a boat at 
base of levee to act as footing or brace for earth dumped from top of levee. 

On April 20 a slough occurred about 400 feet above Bland's Store on Lloyd Place. 
At this point earth was easily obtained near base of levee. 

On April 22 the Point Pleasant levee was raised or topped at four different places 
from Bland's Store to Turner Place. This work was fron* 1 foot to 18 inches in height, 
and all places included about 450 feet in length. 

On night of the 22d the old slough on Turner's Place, Point Pleasant Levee, caved in 
half way : the crown and slope went in for 50 feet above and 140 feet below, making 
the alongn about 250 feet in length. The earth need was wheeled a distance of from 
400 to 1,000 feet, the greater portion about 700 feet. Three thonsand five hundred 
sacks were used at this slough; they were filled about 400 feet from levee, wheeled 
into a boat, then taken to the slough and dumped at base of levee to act as toe for 
earth. 

AH sloughs were protected by the usual method, increasing width of levee by 
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building out on river side and allowing earth to take its natural slope, except atOv 
Hole and Turner Place sloughs, where a liue of sacks were used as footing or tot t- 
loose earth. 

On the Hard Times- Wilson Levee there is a weak place about :),500 fc^t below *^ 
Hole. This place showed signs of sloughing and had several small atre*iiia flovn. 
from the base of levee daring this flood. During high water this place eoold not '^ 
strengthened without boating earth or using top of levee, which does not exceed: 
feet above the surface at high water. 

At the head of the Styx, a deep slough on the Point Pleasant Levee, several cm 
siderable streams were flowing through the levee. At the Willow Slon^h, abe>« 
Bland's store, there are several bad sand-boils, and the apron crossing the ^ough b^ 
caved in for H or 10 feet in width by 40 in length. These places wete a aoaroe of gns 
anxiety duriug the present flood. They should be repaired during low water, w i 
would be very difficnlt and expensive to repair them properly during a flood. 
\^ery respectful ly, 

WiLUAM Gabvut, 

Bfr. H. 8. Douglas, 

Assiaiant JCnginear. 



REPORT OF MR. V. MAXCT MARKOS, DTSPBCTOB. 

New Orlkakb, La., JIfap 17, 1890. 

Sir : I have the honor to report that on March 13, 1890, a considerable atream q^ 
water was discovered coming up out of the ground about 10 feet from the bottoxo at 
the slope on the land side of the United States Kempe Levee, supposed to be a era?- 
tish hole. We built a double bulkhead of plank and posts aliout 3 feet in the cle^r 
and 2 feet between the two walls and tamped it with mud. Cost for labor and mst^ 
rial, $79.35. It was not strong enough to completely hold the water, and by yoc* 
orders we re-enforced the outer wall by 1,600 sacks placed like bricks. This accoic< 
plisbed the object at a cost of labor, $296.30. April 10, we discovered that aome fiv^ 
consecQtive stations at the up-river end of this levee were very weak and tfaat tw« 
sloughs had started. As the backwater by this date had entirely submer^d tk 
land it was found necessary to get the earth from the abandoned levee abont od«- 
half mile toward the river, which we did by hauling a barge by ropes until the ]e\^ 
was stripped to the wati'r's edge. Then it was found necessary to hire a steamer to 
haul the barge about 1^ miles farther up the river. Cost of steamer, $340. In thu 
way we increased the crown of the levee at these weak places nearly doable, with 
natural slope on the river side, using abont 5,590 cubic yards. 

In addition we strengthened other small weak places along the old levee aboTc 
Joint with new,usingabont 1,025 cubic yards. We also placed 865 sacks on three lov 
places. Total cost, $2,930.35, or about 43 cents per cubic yard. 

We had much bad weather to contend with, and as hauling the barge through the 
woods was a slow way the cost looks large even for repair work. 
Very respectfully, 

V. Maxct Mabxoe. 

Mr. H. S. Douglas, 

A8$i9tant Engineer, 



REPORT OF MR H. P. AULT, INSPECTOR. 

Concordia PAitisn, La. 

Sir : Pursuant to your instruction 1 have made a careful tour of the levees in this 
parish from Bayou L' Argent, the upper bonndarv, to Fairview, a line of abont €o 
niiles^ and herewith submit a report of the work done on same to preserve and pro- 
tect it during the high water or 1890. In this report I shall speak of the first rin, 
which took place and reached its maximum height on Marcn 16, 1890, when tiie 
gnnge read 47 feet at Natchez, Miss. ; and the second rise, which reached its highest 
on April 22, 1890, and the Natchez gauge read 48.00 feet. 

The greater bulk of the work was done under and by the instruction of yourvelf, 
representing the United States Government, and by Mr. W. F. Ogden and myself, 
representing the Fifth District Levee Board of Louisiana. 

The line of levee known as L* Argent to J2^« Point was built abont the year 18561. 
except a small portion immediately in fhint of the ** Hole-in-the-wall House," which 
was built about eight or ten years ago ; has never given any trouble, having alwsTi 
been considered perfectly safe untU the present nood of 1890. The cause of tfae 
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trouble is the Cole's Cteek or Eibg'B Point cut-off made in 1884, which raised the river 
level, Mr. Ogden asserts, some 3 feet, and taxed the ingenuity of man to save them. 
Work was found necessary on the Monona Levee as early as January 2S, 1890, and 
was kept up continuously until Mav 1. The levee board used about 10,000 sacks and 
expended some $1,600 for labor. The United States used about 15.000 sacks, some of 
which, about 4,000, were paid for by levee board, and no other kind of work was done 
on this levee, which for its entire distance 1^ (miles) is completely covered, from its 
inner to the outer base, with sacks. There were no sloaghs, but a number of soft 
spots oocuired, and it was overtopped its entire distance from 6 inches to 2^ feet. It 
is quite a laree levee, having from a 4.«foot crown 6 feet high to a 6- foot crown and 

9 feet high. The almdst entire front is exposed to wave wash, and as this spring has 
been unusually prolific in storms, work was necessary the entire time, and a few of 
the storms occurring at night, great vigilance was necessary, and as many as two 
hundred hands were put to work to hold and save it ; in fact its preservation is re- 
garded as something pertainine to the miraculous. A great deal of ditching was done 
to draw off the seep water with excellent effect. 

Hole-in- Wall Levee is H miles long, isa large and well-built dike, being in some places 

10 feet high. In March it was seriously iSfected from wave-wash, and some 5,000 
sacks were placed upon it by the levee board. Since the United States took charge 
oonsideraUit' work was necessary to preserve it ; some 5,000 sacks or more were used to 
prevent wave-wash. There were three sloughs, 47, S5, and 30 feet, respectively, 
which took some 1,200 sacks, and for about 250 feet it was overtopped ; the length of 
line worked upon was 1 mile. 

Delhi Levee is one-half mile louf^, between 5 and 6 feet high, and considerably worn. 
About 500 sacks were used upon it by the levee board during the first rise ; afterward 
and during the second rise it was sacked its entire length, some 1,500 or 2,000 sacks 
having been used by the United States, it being overtopped. 

Canebrake Levee is li miles long, between 5 and 6 feet high, very old and considera- 
biy worn. About 800 sacks were used upon it, revetting the crown in low places. 
The United States used over 2,000 sacks in revetting the crown, which was overtopped 
for three-fourths of a mile, and about 600 sacks on two sloughs, 50 and 75 feet long. 

Shamroek Levee is 1 mile long, average 6 feet high, old, very much worn and*nan:ow, 
except a very large dike across the lower end of Lake St. John, which has a 16-foot 
crown and is about 14 feet high. No work was done on this levee except what was 
done by the United States ; was overtopped for three-fourths of a mile, and a slough 
of 30 feet in the narrow part, open which 1,500 or 2,000 sacks were used. The large 
dike across Lake St. John was overtopped and two fearful sloughs took place, aggre- 
gating 150 feet. Not many sacks were used upon this levee. Dirt was hauled in 
scrapers and about 300 yards of earth placed on the outside. 

Vamoluse Levee IB H miles long, large, well built, and splendidly preserved: has 
always been considered one of the safest and best levees in this parish. The levee 
board apent some f4 during the first rise, but during the second rise while in charge of 
the United States, two immense and terrible slouglM took place, one 260 feet, the other 
190 feet long, and some 8,000 sacks were used in strengthening the outer base, making 
a most excellent and secure Job. These sloughs no donbt were caused by the im- 
mense locust trees that grew at the outer base, and whose roots penetrated the levee 
and acted as conduits for the water. 

Bifle JPoint Levee, next adjoining Vauduse on the south, is about 2 miles long, very 
strong, sabstantial, on very high ground, with an immense batture in front. Boring 
the first rise the low places were raised by the levee board, being earthwork en- 
tirely, at a cost of about |40. Durini^ the second rise it was overtopped for over one- 
half mile, the labor for which was paid by the United States, and amounted to about 
$115. Some few hundred sacks were used but they were contributed by the owner 
of place. 

Grasamere Levee comes next, about 1 mile in length, built in ante-bellum days ; it 
is an excellent one, well protected by batture not over 7 feet high. It has, or rather 
had, a crown some 20 feet broad after the King's Point cut-off was made. It was con- 
sidered below grade, and the parish raised about one-eighth of a mile of it. When 
the first rise came it xan over m a few places. To prevent it leakine the levee was 
ploughed in the center and a levee built on its top for nearly one-half mile at a cost 
of $30 to the levee board. When the second rise came, this work was kept up, but 
the water became so high and this temporary levee so soft that 3,500 sacks were used 
to save it. The sacks were ordered and paid for by the levee board ; the labor bill, 
amounting to $225.90, paid by United States on April 21 ; night work was done. 
Seven- eighths of a mile was overtopped. 

Next in order comes the United States XaJ(;0 Concordia Levee, some 20 miles in length, 
commencing at Bullitt's Bayoa and running along the iix>nt of the following places : 
Grassmexe, Pittsfield, Windermere, Weecama, Claremont, Panola, Helena, Concordia, 
Fletcher, Sycamore, Minorca, Tacony, Amauldia, Lake Place, and Palo Alto. This 
levee waa finished by the United States in 1885, 1 believe, after the parish had spent 
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Bome 130,000, and Ibelieye the State levee board had expended qaite a aam ; is a f: 
levee in some places, in others narrow ; ne slope and below grade. 

Gra99mere, — One mile is in fine oondition, and no work was necaasary dariagt 
present water. 

Pittafield has 3 miles front, is a large fine levee and in good condition^ except whft 
it crosses a low place in a slongh. In Jannary last I fonnd it fall of cray-nah U- 
and considerable water ronning through. I dng them oat and pat in 50 aaeks &- 
with earth, which then dosed it, but since the second rise a great qa«ntitjr of wsrt^ 
has run through and for a long whiln the water was mnddy . The heavy black k 
of which it was bailt only saved iL The entire place shoald be dog oat and the \e^ 
rebuilt for at least 400 feet. Ten dollars and the 50 sacks paid for by the parish n, 
all the expense incurred daring the first rise. Dnring ths seeond riae tbere wa»i 
small slough which 75 sacks stopped and about 200 more were nsed in vrave-wsahs 
The bill, some $22.%, was paid by the United States. 

Windermere has li miles of levee in good condition, ap to grade. No -work vi 
done duriug first rise. Daring the seoond rise a slough oeonned SO fi^et lon^ in wbL 
some 250 sacks were used ; paid for by the United Stales. 

Claremont has 1 mile front, some of it in very ^ood condition; the mijor p«rt is pnr 
narrow crown, not enough slope and lack of height. Daring the first riae some 1.2^ 
sacks were used, at a cost of f60, paid by the levee board to protect i^ from wa^ 
wash. Boring the second rise it was wave-washed a quarter of a mile, overtoppec 
quarter of a mile, and a slough occurred which took some 100 sacks; altogether %v 
sacks were used, and all the Tabor was paid for by the United States. 

Panola has a mile fkt>nt and is in as fully a bad condition as Claremont, both lem 
being built too near the lake shore and the building fur secure protection. Dar\ 
tbe second rise, as near as I can learn, 4,000 sacks were used, and labor waa paid for: 
the United States. It was wave- washed its entire length and overtopped for thi- 
quarters. 

Helena (Ferriday Place) has a mile front, bnilt of light suidy aoil, and is a k 
cession of bayons and ridges. While seemingly sound and secure, good high crcv 
and slope, it is the most dangeroas levee in the parish, for it gives way withont jc 
warning and apparent caose, and is sure to eaten yon unprepared to meet the em^- 
gency. A very large crevasse occurred here in 1884 and very near this place anot^ 
occurred this year, and in a place that had been ridden over just fifteen minot» V 
fore, and which then looked to be sound and in no danger whatever. Jaat the we?. 
previous two bad places were discovered, fortunately in time to save them, one a a^ 
hole, which suddenly enlarged and was with great difficulty stopped. In the orb^ 
the levee gave down in the center of the crown and a stream of water paaaed tfaroi^i 
One fortunate thing about this crevasse was it giving wav where it did. It rut 
down in the washout of 1884 into Bayou Cocodra ; thence through the low center* 
the parish into Red River, and has done very little injury ; in fact, it does not oveiio- 
the place upon which it broke, and parties living upon Black River claim thst 
did not cause the water to rise 1 inch. Daring the first rise some 500 sacks wtt 
nsed and f40 labor bill paid by the levee board. Daring the seeond riae, and up t 
the time of the crevasse, some 2,500 sacks were nsed to dose breaks in levee abor 
referred to. 

Concordia and Fletcher, —Unve 1 mile firont similar to Ferriday Place, bnt aingn^A 
to relate, they have not given any trouble. During the first rise 200 sacks vrere us* 
and $30 paid for labor and ditching the sea water away by levee board. Darinir t^ 
second rise they were overtopped some 300 yards, and 500 sacks were need and tk 
labor paid by the United States. 

Sycamorey Minorca, and Taoony have 5^ miles of front, the almost entire lengtb c 
which is affected by wave- wash, and along this line the battle has been oontinuoi 
since early in February. The north wind has a 4-mile sweep at it, and the freqaet 
gales this spring from that direction have caused lots of work. Daring the first ri» 
some 8,000 sacks were used, and $600 expended for labor by the levee board. Dunn, 
the second rise about 10,000 sacks and 35,000 feet of plank were nsed. and an imnif o» 
labor bill paid by the United States to protect it from wave- wash and overtop. Tfant 
levees need raising and width. They had a close call and. another riae might gr 
them. 

Amauldia and Lake Place are in excellent form and have required no work. 

Palo Alto, or what is known as the Punch Bowls, is abont half a mile long : . 
large, fine levee, reaching 9 feet high j was always regarded as perfectly aale, and c' 
material damage was done to it, as it is a better levee to-dav than when it was bail; 
Two sloughs occurred at the maximum of the second rise, about 30 feet long each. 1 
was saved by barrow work, and a complete levee was built on the oatstde of esrtl 
About 400 sacks that belonged to the town of Vidalia were nsed on the inside to fon 
out slough with excellent success. The labor bill, (125.30, was paid by the Unite 
States. 

Town of Vidalia is next with 1 mile front, very high, and compwaUvely no le\> 
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cisted when the water came up, having heen worn oat and torn almost entirely 
own, the town having escaped overflow except in the years 1862 and 1882 ; then it 
Ame from the rear. About 1^00 was spent and 2,500 sacks used by the citizens, who 
jLToed ont and worked manfully two niffhts when the levee was expected to give 
'ay, which was built entirely-of sacks. Two thousand sacks were furnished and $125 
irbor bill paid by the Unit«)d States. 

Amauldia adjoins with li miles front. The old levee having caved into the river 

new one was built last fall by the levee board, and for some reason unknown no 
svee was built in front of the residence and quarters, which I had put up at a cost 
f $125 when the water first came up. When the second rise came the entire line 
lad to be worked upon, some 4,000 sacks and |200 being expended by the United 
Itates. When the Ferriday Crevasse occurred they quit work and got their stock over 
he river into the hills. The levee being neglected gave way and a small crevasse 
•ccurred. The water ran down through Whitehall Lake and through the canals into 
he interior. Only the low lands on three places were submerge ; they are now 
>lanted in cotton, and the water almost ceased to run through the break. 

WhiUhall is next with 2 miles of levee front. No work was done, except when the 
vater was at its highest. Four dollars was paid for raising a small portion. 

Scotland and St Genevieve, 2^ miles, high front, except in one or two places. Fifteen 
lollars was spent by the levee board repairing when the first rise came ; afterward 
*liA United States spent $11.60 in raising some places. 

Forest is next, 2 miles, and has a very high front. Some portions having caved ofiT 
^i5 was spent by the levee board in repairing and afterward $47.50 was paid for labor 
yy the United States to save these places. All the cotton and corn planted on this 
>lace was saved. 

Mora follows and has a front of 1^ miles and a caving bank. A new levee was built 
)ome two years ago, which withstood the present flood. A portion of the old levee 
'emains near the Morville line, which was oadly wave-washed, and $19 paid for its 
-epair by the United States. The sacks, some 300, were furnished by the owner of 
Am place. 

3/orrl{{«, 1 mile. Levee auite low and wave-washed ; |25 was paid for repairs by 
evee board. During secona rise $52.50 was paid for laborby the United States. All 
he material used was furnished by the owner of the place. 

iVannieut and Hendereon-Aahley Levee is next, 5 miles long. It is considered one of 
he finest levees in this district, and it is beyond comparison the finest in this Parish; 
a near 15 feet high, with 25 feet crown, and a slope of lin 6, but unfortunately isbe- 
ow grade. When the first rise came the entire line was overtopped. Some 7,000 or 
;,0U0 feet of plank, etc., being used, besides 4,000 sacks; also the labor bills, amount- 
iig to $500, was paid by the United States. Some 2,500 sacks and a lot of lumber was 
iirnished by the owner of these places. When the Ferriday break occurred the man- 
iger was sent off with the stock to the hills, and the levee not ff<)tting the attention 
t should have got, gave way in a number of places, all of whicn were closed except 
»i)e, which widened so rapidly that it was impossible to save it. and the water is now 
-nnning through there 800 feet wide. It is of the lower line of levees, and all of the 
1 laces below it being already submerged it raised tbe water inside and will hold the 
^ater up on them for a longer period than if it had remained intact. 

United Statet Green'e to Fairview consists of Guia Tract, Handy Walton's, Lehman's, 
Screen's, Deer Park, Forest Home, Fish Pond, Ashley, and Glasscock's, about 12 miles 
ong. Guia Tract, Walton's, and Lehman's are part of the old levee, and gave no trou- 
L>le except at Lohmans, and was overtopped. About 200 sacks were used and labor 
paid by the United States. No other work was done or necessary. 

Greenty one-half mile, in fair condition. Very little work was done on this levee 
ciuring the first rise. About $15 was paid by parish to repair ruts caused by rains 
and sinks, and by barrels and boxes being left in the levee by contractors. About 
r>00 sacks were used during the second rise to protect it from wave- wash, which was 
paid for by the United States. 

Deer Fark^ H miles, is also a fine levee, but I very much fear the greater part of 
it will cave in when the water falls. But little work was done during the first rise, 
not over |30 by the levee board for general repairs, bat during the second rise 3,000 
sacks and l,5(i0 feet of lumber was used to prevent wave wash and stop two sloughs, 
each about 20 feet long. The bill for labor and watching paid by the United States 
amounted to $200. 

Forett Some has a mile front ; it is in fair condition. During the first rise no money 
was spent on it. During the second rise it was overtopped its entire length, and 
3,000 or 4,000 sacks and 1,000 feet of plank used, and labor bills amounting to $150 
paid. 

FUh Fond is about half a mile long, high front and small levee. During the first 
rise a slough ooourred in Fish Pond Bayou that cost the levee board $124 to repair 
for labor and material. During the second rise it was pye^topped for »bout 1^ or 
S^ yud% sbout 400 wioki being uaed* 
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J9hlep has a high front 1 mile lonff, wm safe and no work peoe— ai y. GW 
is a fine levee and large, 17 feet high, 8 feet orown; is hoilt thron^h thesw&c 
that name, and is entirely oTergrown with briars, willow, cotton wood, andfTeu* 
It is very essential tor the fhtnre pieserration of that leree that all of thia (nt~ 
shoald be cleaned off, so that the sod may have a chance to grow. Daring t^*-- 
rifie the water did not get to the top, and no money was expended thereon. The» 
ricte overtopped it for over a mile, and the inner crown was sacrificed to mak» i f I 
on the outer crown, there being a heavy battnre in front. No saeks or others | 
rial was used. The bill for labor was |li23.75, and was paid by the United >*. 
In the Fairview field where it was exposed to wave action the inner base it b. | 
washed, and most he repaired to make it safe. 

In oonneotion with this report I will state that the parish employed watchnm 
and night on all dangerous points along the entire front, and have p*idoat son^f 
therefor. 

Respectfully submitted. 

H. P. AOLT, 

Mr. H. S. DouoLAfl, 

A$n8taHt Engineer, 



lUBPORT OF MR. H. S. DOUGLAS, ASSISTANT WXanxmUU 

Nxw Obucans, La., Jfoy 31, IS^ 
Captain: I have the honor to snbmlt the following report on the work of impr 
ing the harbor at New Orleans, La., from June I, 18^, to May 31, 1H90 : 

At date of last report, May 31, 1889, the condition of the work was as followB: T 
work done on spur-dikes in previous years appeared to be in good oondition 
Spur No. 1 of the Greenville Bend system 68,500 square feet of mattrees and Ir 
cubic feet of crib- work had been placed: material for construction to the tiIl- 
about 917,000 was on hand. Three new barges and a quarter-boat had been a£ 
to the plant, one of the old barges had been rebuilt, and the tog Tilda had i>- 
equipped with a new boiler. New crib-ways were beln^ built and general pnpe 
tions for the resumption of spur-dike construction were m prog^ress. 

On June 14 and 15, 1689, the tn^ moved the plant from laying-up qnartento:. 
Qreenville Bend. The river at this time was raising rapidly, but it was knovD i:- 
the rise would last but for a short time. The great advantage of commencing u *•: 
early date will be seen in this report. 

ORBKNVUXB BXKD. 

On June 22 the construction of cribs for the completion of Spar No. 1, Greeor 
Bend, was commenced, and on August 9 the spur was finished. The number of tot' 
working days was thirty-seven, twelve days being- lost by Sundays, holids.yB,n 
and storms. Daily showers and difficulty in handling the brash atored on the bt 
from the previous season retarded the work. The cribs built and sank were oi 
bered continuously from those of the previous season, and had the following die 
sions : 



Crib No. 7 feet.. 50 by 110 by 6 

Crib No. 8 do... 44 by 130 by 6 

Crib No. 9 do... 38 by 150 by 6 

Crib No. 10 do... 38 by 24 by 6 



Crib No. 11 feet.. 3aby*i50l 

Crib No. 12 do... 96by2rt/i' 

Crib No. 13 do... 26 by 741 

Crib No. 14 do... 2Oby40lil: 



As the work on this spur covered the whole of one and part of a second eeasot 
would be somewhat confusing to separate the data following, so I have consolids;* 
it for the entire spur. 

Coat and material, 

3,216.34 cords brush, at $1.68 $5,W 

194.11 cords poles, first erade, at $3 h^ 

14.64 cords poles, seconu grade, at $2.75 4f> 

6,200 feet, B. M., 2 by 4 inch lumber, at $11 6^ 

74,016 feet, B. M., 3 by 6 inch lumber, at $10.90 7* 

2,138.75 tons rock, at $2 4,277 

5,510 pounds galvanized wire, No. 10, at 4 cents i^ 

38 kegs steel wire nails M 

16| kegs wrought spikes. ...... ^.. .... ,...^ tt* 
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( kegs oat nails 119.15 

1,160.48 pounds iron rods, chains, etc., at 3^ cents 285.62 

Three kedices, including rooJt 17.03 

Pay-roll, services 11^395.26 

i^ations, approximated, 3,300, at 30 cents 990.00 

Chartered tug 1,040.00 

Tug !n/<la ninety-nine days, at $20 .^ 1,980.00 

Total 27,224.55 

^nare feet of mattress in spur |6H,500 

r'ounds of rock per sc^uare foot to sink 13.87 

3o8t per square foot in place |0.O7J 

Jubic feet of crib- work m spur 447,486 

Pounds of rock per cubic foot to sink 7.436 

IJost per cubic foot in place $0.04-1%^ 

Total time occupied in construction of spar days.. 123 

Sundays and holidays • do... 15 

Sain and storm do... 12 

Ffigh water and drift do... -J^ 

Actual working time do... 74 

Maximum length of spur feet.. 430 

Vlaximum height of spur •. do... 60 

Maximum depth of water at low water do. .. 152 

The project estimated the cost of the Greenville Bend spurs at $12,000 each, and as 
^he cost of Spur No. 1 was so greatly in excess of this, some explauation should be 
made. In the first place the size of the spur and cubical contentM are about twice 
Aiose of any of the spurs built in the Gouldsboro Bend, on which the estimate of 
^12,000 was based. The temporary disabling of the Tilda, the chartering ol another 
;Ug, and the delay of twenty-two days from hiffh water and drift, during which time 
k large force bad to be retained on the work, added about $3,000 to what the expenses 
wo\M have been even under favorable circumstances. The great depth of water in 
ivhich the mattresses and cribs were to oe sunk rendered extreme caution necensary, 
ind in work of this character, depending in a great measure for its success on one 
nan, caution means delay. 

Notwithstanding all this it will be noted that the cost of mattress-work was less 
ibau that determiued in the Gk>uldsboro Bend, and the cost of crib-work was slightly 
n excess. A careful study of the data given will, I think, afford any additional ex- 
planation that may be necessary. 

On August 9 work on Spur No. 2, Greenville Bend, was commenced and it was fin- 
shed September 21. As was the case on Spur No. 1, the plant was not large enough 
to weave in one pi^oe the foundation mattress required, so an extra or built mattress 
cvas necessary. The dimensions of this mattress were 110 by 150 by 1.5 feet thick. It 
was sunk at the outer end of the spur in 160 feet of water, and was held in place by 
';hree wire ropea running to wooden kedges filled with rock. 

Cost and material when in place were : 

^.37 cords brush, at $1.68 $143.42 

i,229feet, B. M., 2 by 4 inch lumber, at $10.90 46.10 

J,196feefc, B. M., 3 by 6 inch lumber, at $10.90 23.94 

r7.34 tons rock, at $2 1.^.68 

MO pounds galvanized wire No. 10, at 4 cents 9.60 

'>i kegs 6-inch steel wire nails, at $2.35 12.92 

li ke^s 9-inch steel wire nails, at $3.33 5.00 

TOO pounds 2-inch wire rope, at 8^ cents 59.50 

Three kedges, including rock 17.00 

Pay-roll, services 532.82 

Rations, approximated, 200, at30 cents 60.00 

Fug TUda ioQX daja, at$20 '. 80.00 

Total 1,144.98 

""^umberof square feet in mattress 16,500 

Pounds of rock per square foot to sink 9.37 

:Jost per square foot in place $0.06AV 

BNG 90 ^209 
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The usual woven mattress was oommenced bm soon as the built one had beet 
In place the cost and material were : 

285.82 cords brush, at $1.68 ^' 

42 cords poles, first grade, at^ ..-• 

9 cords poles, second grade, at (2.75 

JJ22.i>5 tons rook, at |2 « 

5,901 pounds iron rods, chains, etc., at 3i cents : 

2,069 pounds galvanized wire No. 10, at 4 cents - 

3 kegs 9-inch steel wire nails, at $3.33 

1^ kegs 6-inch steel wire nails, at ^.35 

1 keg 3i-inch steel wire nails, at |3. 15 

Pay-roll, services ---... i • 

Rations, approximated, 877, at 30 cents 

Tug T<74a, eight days, at|20 . 



ToUl. 



Number of square feet in mattress 

Pounds of rock per sc^uare foot to sink. 
Cost per Bciuare foot in place 



Construction of cribs for Spur No. 2 was commenced August 13. The dimt. 
of the cribs were : 



CribNo.5 feet.. 32bvi:- 

Crib No. 6 do... 26byr 

CribNo.7 do... 26byl' 

CribNo.8 do... 20by4j 



Crib No. 1 feet.. 56by 40by6 

CribNo,2 do... 50 by 80by6 

Crib No. 3 do... 44byl30by6 

Crib No. 4 do... 3«byl70by6 

Cost and material were : 

1.180.92 cord? blush, at $1.68 $1. > 

101.21 cords poles, first grade, at $3 

1.34 cords poles, second grade, at $2.75 

1.034.93 tons rock, at $2 2. • 

37,:W0 feet, B. M., 3 by 6 feet lumber, at $10,90 + 

1,752 pounds galvanized wire, No. 10, at 4 cents 

20 keg8 9-lnch steel wire nails, at $;i.33 

2 kegs 6-inch steel wire nails, at $2.35 

Pay-roll, services 4.1 

Rations, approximated, 2,741. at 30 cents 

Tug Tilda, twenty-eight days, at $20 



Total 10, :i 



Number of cubic feet of crib- work in spur ae^ 

Pounds of rock per cubic foot to sink . 

Cost per cubic foot in place 

The total cost of the spur was $14.^ 

Total time to complete days.. 

Sundays and holidays do... 

Rain day.. 

Out of brush days.. 

Actual working time do... 

As in the case of 8pur No. 1, the cost exceeded the estimate based on the Gt 
borough spurs, although the cost per unit — i. e., square foot of mattress and cobi- 
of crib work — was considerably less. It is certain that spur-dikes, as with most >•' 
structures, cost in proportion to their size. 

The completion of these two spurs in the Greenville Bend finished all work in ' 
locality authorized at present. 

THIRD DISTRICT FRONT. 

On September 20, 1889, immediately on completion of the spurs in the Grceu^ 
Bend, preparations for work in the Third District Bend, in the lower portion o; 
city, were commeuced. These preparations consisted chiefly in loading up the U" 
with rock and the lumber and other material on hand ; moving and mooring ibf [ 
at the new locality. The total cost of this, which may be called installatioa. 
$795.61. 

The work proposed in the third district front was to consist of four (Nos. 1; 2, . 
4) submerged sloping spur-dikes, extending on a slope of three horizontal to one t- 
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al from low- water mark to deep water in the ohaiiDel of the river. In addition to this, 
acb spur was to he prolonged from the low- water mark baek to the main levee by an 
artheo spur or levee, protected by a covering or pavement of rock, this covering to 
xtend 20 feet above and 50 feet below, to form aprons, and practically prolong the 
oimdation n^ttress t^ the main levee. The nltimate result to be a continuons spur 
omiuencing above high-water mark instead of at low. 

I went onto this work with an organized force of trained employes, was favored 
vith exceptionally fair weather and very low water. The results of this combination 
bre pretty well evidenced in this report. 

Constrnction of Spur No. 1 was commenced September 28, The style of mattress 
ised on this and succeeding spurs was what is known as the *' built " mattress, to dis- 
in^uish it from the former style designated as " woven." 

The dimensions of the mattress were 111.6 by 362 by 1.5 feet thick, and the coat and 
aaterial were: 

^51.60 cords brush, at ^1.68 $5tK).69 

J3.yi cords poles, first grade, atS3 101.73 

:^. 98 cords poles, second grade, at $2.75 38.44 

12,876 feet, B. M., 2 by 4 inch lumber, at 110.90 140.35 

«4 cons rock, at|2 i 668.00 

>78 pounds galvanized wire. No. 10, at 4 cents -•-.. 27.12 

LI kegs 9-inch steel wire nails 35.6» 

L4 kegs steel wire nails 6-inch 38.42 

L keg 3^ inch steel wire nails 3.10 

L,253 pounds iron rods, bolts, etc., at 3i cents 43. 85 

t'ay-roU, services 1,009.38 

Elations, approximated, 650, at 30 cents 195.00 

Fug Tilda^ seven and one-half days, at |20 150.00 

Total 3,041.73 

dumber of square feet in mattress 40,400 

Pounds of rock per square foot to sink 16.53 

I^ost per square foot in place $0.07-/^^ 

The dimensions of the cribs built and sunk on this spur were : 

>ibNo.l feet.. 40 by 90 by 6 I Crib No. 3 feet.. 24 by 234 by 6 

:ribNo.2 do... 32byl59by6l Crib No. 4 do... 16 by 312 by 5 

The cost and materials were : 

1OO.93 cords brush, at $1.68 $841.56 

(2.16 cords poles, first grade, at $3 66.48 

7,124 feet, B. M., 3 by 6 inch lumber, at $10.90 186.65 

191.05 tons rock, at $2 782.10 

(60 pounds galvanized wire, No. 10, at 4 cents 26. 40 

61 pounds iron rods, at 3i cents 5.63 

(kegs9-inch steel wire nails 26.65 

. keg 6-inch steel wire nails 2.75 

.^ay-roll, services. 1,381.59 

Nations, approximated, 1,469, at 30 cents 440.70 

Tug Tilda, thirteen days, at $20 260.00 

Total '\ 4,020.51 



^ 



!^umber of cubic feet of crib-work 115,776 

Pounds of rock per cubic foot to sink ^^f(\\ 

Z.*o8t per cubic foot in place $0.03-,^^ 

Total cost of the subaqueous portion of the spur wm $7,062. 24 

Total time to complete days., 24 

Sundays do.... S 

Actual working time do... 21 

On crib construction five days were lost on account of non-delivery of brush. 

Construction of Spur No. 2 was commenced October 23. The style of mattress was 
the same as on Spur No. 1, and its dimensions were 102.75 by 344 by 1.5 feet thick. 
The cost and material were : 

t28.64 cords brush, at $1.68 $552.12 

19.65 cords poles, first grade, at $3 58.95 

11,500 feet, B. M., 2 by 4 inch lumber, at $10.90 125.35 

l,0OOfeet,B. M., 3by6inchlumber, at$10.90 10.90 
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197.5 tonfl rock, at|2 p. 

753 pounds galvanised wire, No. 10, at 4 cents '. 

12i keg8 9-inoh steel wire nails ;. .^ .... 

14 kegs 6-inch wire nails ' .' 

1 keg 3^ steel wire nails 

1,414 pounds iron rods, at 3i cents 

56 pounds fish-plates, at 4 cents 

28 bolts i by 27 inches, at 15 cents each 

Pay-roll, services 

Bations, approximated, 600, at 30 cents 

Tug TildGf five days, at f20 i 



Total i; 



Number of square feet in mattress , 

Pounds of rock per 8<}uare foot to sink 

Cost per square foot in place K- 

The dimensions of the orihs built and sunk on this spur were : 

Crib No. 1 '. feet.. 32 by 11 

Crib No. 2 do... 24 bv2:^ 

Crib No. 3 do... 16 by 30: 

The cost and material were : 

361.54 cords brush, at $1.68 |t 

10.28 cords poles, first grade, at $3 

16.66 cords poles, second grade, at $2.75 

13,350 feet, B.M., 3 by 6 inch lumber, at |10.90 1, 

378.81 tons rock, at|2 Z 

369 pounds galvanized wire. No. 10, at 4 cents ! 

7 kegs 9-inch steel-wire nails 

l^kegs 6-inch steel-wire nails 

161 ponndsiron rods at 3^ cents .*>. 

Pay-roll, services > 

Rations (approximated) 600, at 30 cents h 

Tug JtWa»7idays, at|20 I 

Total 2,.^ 



Number of cubic feet of crib-work i« 

Pounds of rock per cubic foot to sink .. 

Cost per cubic foot in place $D.* 

The total cost of the sabaqnedos portion of the spur was $5,244.90. 

Total time to complete daT^ 

Sundays do.. 

Rain and storm do.. 

Actual working days do.. 

On crib construction one day was lost from non-delivery of brush. 

Construction of Spur No. 3 was commenced November 19, although the last€ri> 

Spur No. 3 had not yet been sunk. The dimensions of the mattress were 102.7 
344 feet by 1.5 feet thick, and the oost and material were : 

271.01 cords brush, at $1.68 |4a 

30 cords poles, first grade, at $3 J a 

12,000 feet,B. M., 2 by 4 inch lumber, at $10. 90 y, 

1,000 feet, B. M., 3 by 6 inch lumber, at $10.90 .^. 1. 

228.20 Ions rock, at $2 4.:, 

720 pounds galvanieed wire, No. 10, at 4 cents :'' 

13 kegs 9-inch steel-wire nails 4- 

19 ke^s 6-inch steel-wire nails f, 

161 pounds Scinch ste^l-wire nails 

1,549 pounds iron rods, bolts, etc., at 3i cents i 

80 pounds fish-plates, at 4 cents 

38 bolts, i by 27 inches, at 15 cents each 

Pay-roll, services 75. 

Rations (approximated) 680, at 30 cents *2i 

Tug B/da, 5i days, at^ l.i 

Total ~1^ 
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irnber of «quar^ feet in mattress 35,054 

unds of rock per square foot to sink 13. 02 

»st per square foot in place - |0. 06/otftf 

The dimensions of the cribs built and sunk on the spur were : 

•ibNo.l ,-. feet.. 32 by 38 by 6 I Crib No, 3 feet.. IWby238by6 

rib No. 2 do... 32 by 38 by 6 | Crib No. 4 do... 16 by 260 by 6 

The cost and material were : 

►5.81 cords brush, at|L68 $513.76 

>.41 cords poles, first grade, at $3 76.23 

L.15 oords poles, second grade, at|2.75 58.16 

I9.40feet, B. M., 3by6inohlumber, at $10.90 130.15 

)5.64 tons rock, at $2 611.28 

)5 pounds galvanized wire, No. 10, at 4 cents 7.80 

72 pounds galvanised wire, No. 8, at 4 cents 6.88 

kegs 9-incn steel- wire nails 28.32 

61 pounds iron rods, at 3j^ cents 5.63 

'ay-roll, services 1,020.00 

UtioDB (approximated) 450, at 30 cents 135. OC 

'ug 2^Wa, 6J days, at$20 166.6^ 

Total 2.759.8^ 



^umberof cubic feet of crib-work * 84,824 

^ounds of rock per cubic foot to sink 7.20G 

?08t x>er cubic foot in place $0.03^^^ 

The total cost of the subaqueous portion of the spur was $5,160.37. 

Total time to complete dayv.. 22 

>uDdays do... 3 

tain and storm do... 1 

Actual working days do... iS 

Construction of spur No. 4 was commenced November 29. The dimensions of the 
bnudation mattress were 118 by 322 feet by 1.5 feet thick, and the cost and material 
rere: 

!86.;W cords brush, at $1.68 $481.08 

13.85 cords poles, first grade, at $3 101.55 

3,500 feet, B. M., 2 by 4 inch lumber, at $10.90 147. 15 

1,700 feet, B. M., 3by 6 inch lumber, at $10.90 29.43 

194.39 tons rock, at $2 588.78 

'55 pounds galvanized wire, No. 10, at 4 cents 30.20 

l7 kegs 9-inch steel-wire nails 56.65 

LSkegs 6-inch steel-wire nails 49.40 

^ pounds 3i-inch steel-wire nails 2.65 

L,800 pounds iron rods, at 3| cents 63.00 

108 tish plates, at 7 cents each 7.56 

108 bolts, fby2i Inches, at5cent8eaoh 5.40 

W bolts, i by 27 inches, at 15 cents each 4.50 

Pay-roll, services 1,045.29 

Rations (approximated) 660, at 30 cents * 198.00 

rug KWa, 5| days, at $20 113.33 



Total 2,923.97 

Number of square feet in mattress 37,996 

Pounds of rock used per square foot to sink 15.5 

Cost per square foot in place ^ $0.07TWtf 

Owing to the higher stage of the river and swifter current this matress was built 
considerably stronger than the others. This, together with delays from heavy drift, 
made it more expensive than the mattress on Spurs 2 and 3. 

The dimensions of the cribs built and sunk on Spur 4 were : 

CribNo.l feet.. 48by 92 by6|CribNo. 4 feet.. 24by260by6 

CribNo.2 do... 40 by 136 by 6 Crib No. 5 do... 16by276by6 

Crib No. 3 do... 32 by 186. 6 by 6 I 
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The cost and material wore : 

621.96 cords bniBh, at $1.68 t^M 

79.97 oords polesy first jrrade, at |3 .: 

24,090 feet, B. M., 3 by 6 inch lumber, at $10.90 .5- 

403.80 tons rock, at 12...; •' 

• 823 pounds galvanized wire, No. 10, at 4 cents ^ 

2^ pounds galvanized wire. No. 8, at 4 cenU ^ 

16 kegs 9-inch steel-wire nails .•-.. o 

lkeg6-inoh steel-wire nails 

215 pounds iron rods, at 3i cents — 

Pay-roll, services - 2, '• 

Rations (approximated), 990, at 30 cents -' 

Tug Tildaj 13f days, at $20 I'T 

Total 4.01'^ 



Number of cubic feet of crib- work Itjl 

Pounds of rock per cubic fout to sink i 

Cost per cubic foot in place $0.(«: 

Tbe total cost of the subaqueous portion of the spur was $7,444.90. 

Total time to complete ....davs.. 

Sundays and holidays • do... 

Rain and storm do.. 

Actual working days do.. 

During the construction of this spur there was a oonsiderable rise in the r! 
accompanied by heavy drift. This, together with dense fogs and the holidav se^'^ 
delayed the work and increased the expense. The 'work required in tbe p'nre- * 
complete Spurs 1, 2, 3, and 4 on the third district front, that is the spar ievees p- 
longing the crib- work back to the main levee and aboye high- water mark, I am . . 
polled to consolidate, as the force engaged was constantly shifted from one «(pc: 
another, depending on the supply of material and the necessity of haste on the s 
aqueous portions of the spurs. 

I give a general description of this work. On the center line of each spur an ean 
levee with crown of 10 feet and side slopes of 3 and 3 to 1 was staked ofif. r 
levee extended from the main levee to the crib-work of the spur. The bank aN 
and below it, where necessary, was graded to a reasonable slope, all holes and 
equalities being tilled up and leveled off. On the completion of the earthen lev^- 
was covered with a layer of broken rock or brick 9 inches thick, and extendicr 
form aprons 20 feet above and 50 feet below the spur levee. The project con:*-, 
plated using gravel for this purpose, but the material mentioned iras obtained a: 
reasonable cost and was equally as good. The broken rook or trash was the bsEj 
of ships coming to the port, and the bricks were the refuse from brick-yards. 
this layer of broken rock or brick was laid by hand a rough pavement of large n^ 
about 9 inches thick. Over this to fill in the voids was scattered broken rock. : 
whole forming a substantial covering 18 incties thick of material that will not wi^ 
away or decay. 

The following is a consolidated statement of cost and material for all four spai> 

1,839.39 tons rock, at $1.50 $2,75.^ 

694.94 tons broken rock, at 75 cents 5t* 

508.55 cubic yards of broken brick 174 

1,832 cubic yards of earth ....... •- 

Pay-roll, services 2.77i 

Rations, approximate, 2,135, at 30 cents 64* 

Tug Tilda fifty days, at $20.. l.Oit 



Total 7,^- 



Contents of spur levees and aprons as computed cable yards . . 4. 

Cost per cubic yard, completed 1.^; 

I fear that the figures which 1 have given in this report are somewhat misleadiu 
To avoid this 1 would state that on all the work the cost given is the bald eosi * 
computed and incurred under my immediate supervision in the field 

It does not include cost of large plant, such at bargefli, or care, preservation, and ^ 
pair of same ; nor of small plant, such as hawsers, lowering lines, tools, appliance 
and the thousand and one small purchases incident to a work of this character, 
does not include expenses in main office, such as travelmg expenses, salaries, re* 
stationery, etc., nor installation on work. 
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nriiere are now twelve spur-dikes completed in the harbor. I do not know the total 
luorint expended on this work to date, but if it were ascertained, the present value 
€ tkxe plant deducted, and the remainder divided by twelve, it would give the actual 
rverage cost of each spur. Flucthating appropriatidns, unfortunate delays, etc., 
rlille they may explitin will not alter the fact that the work is and is likely to oon- 
iinue to be very ezpensive through causes over which your execntive force have no 
(Ontrol. 

Ab an ofbet to this, it may be stated that there is now every reason to believe that 
Slie work has been sucoessftd. The spurs are standing and accomplishing the results 
Tor which they were built. 

'Without elaborate drawings, photographs, etc., it would not be possible to give a 
proper idea of the methods employed or the details of spur-dike construction. Suffice 
Lt "to sav that nothing is done in a hap-hazard or careless way, but is the result of care- 
ful study improved by experience. From the time a mattress or crib is placed be- 
t^ween the double line of lowering barges until it rests in its proper position on the 
'bottom it is full^ under control, ao one unless those who have seen it can realize 
tlie accuracy with which the different structures are placed in water 100 feet deep 
and more. The profiles of the completed spurs are sufficient evidence. Improve- 
ments in details have beeti constant. Amongst the mostimportant may be mentioned 
tlie ase of a " mooring barge " from which all the mooring and toggle lines, are mau- 
a^ed, the use of steel wire ropes instead of maiiilla hawsers for mooring lines, the 
substitution of the ''built " for the ''woven" mattress. 

During the season's work no incident worthy of mention occurred. From date of 
commencement until work was suspended on account of high water, operations were 
carried on smoothly and suocessfully. The season throughout was the most favora- 
ble that I have ever known and a similar one is not likely to occur for some years. 

The only disaster occurred since the plant has been laid up. On the night of May 
8 the tug Tilda, which had rendered such excellent service in the harbor, was almost 
destroyMl bv fire. She had been absent on levee work at the Nita Crevasse and a few 
hoars after her return was discovered to be in flames. 

SUMMARY. 



The working season of 1889-^90 commenced June 22, 1889, and all work in the Green- 
ville Bend and third district frout under the approved project was completed Jan- 
nary 20, 1890, at which time the river had risen to a stage that prevented further 
-work. 



Volume of cribs built and placed 

in spurs en. feet.. 974,287 

Quantity of brush used . . cords . . 6, 050 

Quantity of poles used do . . . 550 

Quantity of lumber used, feet, 

B.M 201,300 

Quantity of rock used tons . . 6, 956 



Total length of working season, 

days 213 

Sundays days.. 30 

Holidays do... 3 

Bad weather do... 9 

Non-delivery of brush do . . . 5 

Actual working time do . . . 166 

Area of mattresses built and 

placed in spurs sq. feet.. 209,254 

At date of this report the river is generally out of its banks. The plant is in lay- 
ing up quarters and, thanks to your wise policy, is generally iu good condition, a 
large portion as good as new. fiarge No. 3, now six years old, is being rebuilt. The 
TiMa has been docked in a coal-barge and the work of repairing the damage done by 
the fire is being pushed as rapidly as possible. 

Mr. William Garvin has been a faithful and efficient overseer, and, together with 
Mr. Jos. Ralley, time-keeper, has been of great assistance iu accumulating the data 
given in this report. 

In conclusion I would state that while every reasonable and proper economy has 
been exercised, such economy has never been at the expense of the character of the 
construction. It is, I believe, the best of its kind. I only hope that the third dis- 
trict work may not be taken as a criterion of cost. The results were obtained by an 
amount of hard work, persistent endeavor, experience, and watchfulness on the part 
of the principal employes which I would not be prepared to guaranty on all future 
work. The third district spurs were estimated m the consolidated project to cost 
$4^,000. As computed in this report the cost was $33,574.48, a saving ^f $14,425.52. 
Very respectfully, your obedient servant, 

H. S. Douglas, 
Assistant ^Engineer, 
Capt. Dan C. Kingman, 

Corps of Engineers^ U. S, A, 
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REPORT OF M&. W. O. PRICE, ABSIi»TAKT ENGINUCR. 

SiMMESPORT, La., Mm§ 31, 1;^. 

Captaix: I have the honor to submit the following report of work done ibr - 
reotiOcation of the Be<1 and Atchafalaya riven: 

On the 3 let of May, 1889, the eondition of the work was as foHows : I>aiii Ko. . 
the Atchafalaya had been completed and work on Sill No. 3 bad been anspeadHi 
account of hi^h water. The fourth and last dump-acow and second lArge qnar.> 
boat were In coarse of construction, and a rock-quarry was in operation At Harra 
burgh, La. The work at the quarry was suspeudea June 12, owing to low w^ater. \f 
tons having been delivered at Tumbuirs Island. The fourth damp-scow, secc 
quarter-boat, and two small barges for carrying ooal and other aappliea were ft', 
pleted in July. The three quarter-boats which nad been borrowed m>o[i Uie work. 
Plum Point were repaired and returned to that work August 7. Ways were constrcii 
on the bauk of the river and five willow barges 'were hauled out and repaired r 
total cost of |2,274. The sides and rakes were sheathed with 2- inch pix&e am* :. 
decks with li-inch pine. A covering of felt and pine tar was pat on under * 
sheathing, but it was found necessary to calk the seams in the sides and rakes attc- 
wards, so the felt was of little benent except on the decks. This work was finish^ 
November 23. 

OIJ> RIVBR. 

The dredge Tak- Ute (Menge patent) was moved to upper Old Biver Jane IS, ic 
began dredging out shallow places and depositing material on one side of cot : 
August 7, when the water was too high. Four thousand three hundred ftnd niorr 
two cubic yards were dredged at a cost of 16.5 oente per cubic yard. On Aagu»t :^ 
the dredge began work in lower Old River at Ash Cabin, but was soon moved to t. 
bar at the mouth which was cut through September 11, and the work of cui:.-. 
through second crostting to foot of TumbuU's Island was begun. On October 24 1:- 
dredge was returned to the mouth and again out a ohannel through the bar aasi^k^ 
by the launch Buhy washing with her wheel. On October 31 the dredge waa mofr 
to Ash Cabin again and continued cutting out mud-lumps till November 22. Fr:: 
October 25 to November 8 only very smali light-draught boats could paaa thror: 
Old River, but on the latter date navigation was resumed, the mud-lumpa in vicii i 
of Ash Cabin, which were the principal obstruction, having been removed bytl- 
dredge, and the steamers John Z>. SouUjf and DocofoA passed through. The gaugt ^ 
Barbre's on that date read 2.6 feet, and at Red River Landing the gauge read 'SA f^'. 
Navigation was resumed at a much lower stage than for many years. There v& 
some sloughing of the banks in vicinity of Ash Cabin, but not as much ae laift ytt: 
The banks are apparently becoming stronger, so the sloughing will eventually oes^i 
The total amount of material dredgmi in lower Old River was 47,480 cubic yards, ^i 
a cost of 8.9 cents per yard, of which 1,761 cubic yards were removed in aoowa t-o Van 
No. 3 in the Atchafalaya. The dredge was very imperfect at first and was continc 
ally breaking down, but the defects were remedied finally so that good work was doDr 

SILL AND DAIC NO. 8 m THB ATCHAFALAYA. 

On June 5 a force began cutting willows in Old River, and on July 3 mat constmc 
tion was begun. The Sill No. 3 was completed August 27. and Dam No. 3 was con- 

Sleted September 15. The method of construction was the same as for Sill and Dajs 
o. 1. The dredge loaded 1,570 cubic yards of clay on scows at mouth of Bsvo. 
Des Qlaise and 1,761 cubic yards in Old Kiver, which was durrped in the auc<:essiv: 
layers of crib-mats in dam. All the mats were ballasted with rock. Ko grav^ wie 
used owing to the difficulty in obtaining it. Al first there was too much water over 
the gravel-bars in the Mississippi, and afterwards the services of the dredge were 
required in Old River. 

Material MMd.— Willows, 5,608 cords, at $1.59, delivered ; rock, 3,635 tons, at ^^j. 
delivered ; clay, 3,331 cubic yards. 

There were constructed, ballasted, and sunk 975,990 cubic feet of crib mats at i 
cost of 3.4 c^nts per cubic foot. The cost of constructing mats including matehil 
was 1.6 cents per cubic foot, all expenses included except cost of plant and unex- 
pended material. 

In April, during the highest water, there was a perceptible fall over this dun szh. 
the velocity was very great. The strongest stern-wheel boats could not paas up ex- 
cept by goiug close to shore. At the discharge section, located 850 feet belov 
the center of the dam, the area of the section below seroof Simsport (^uge increas«<u 
31 per cent, from March 6 to May 14. I tliink this indicates that it will be neoesssr} 
to put in more dams to distribute the fall over a longer reach. 
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DAM FOR DEFLECTION OF RED TO UPPER OLD RIVER. 

A¥ork WM begun on the sill September 9 and it was completed November 15. That 
portion of the sill whieh is below 10 feet on the Barbre's gange was constructed of 
»rib mats 3 feet thick, same as used in Atchafalaya sills. The sill is 280 feet wide in 
be deep water and tapers oat to SjOO feet wide where the ends of the dam are to be. 
Twelve mats were oonstraoted, oontainin|[ 7&5,400 cabic feet, at a cost of 1.43 cent8 
^r cubic foot. The cost of mats ballasted and sunk was 2.65 cents per cabic foot, all 
expenses indnded except cost of plant and unexpendable material. All the mats were 
itrouffly wired together at their edges, one after another, as they were being sunk, and 
bhe whole was put down In one continuoua piece from one side of the river to the other. 
The mats were ballasted with 23 pounds of rock to the square foot. The direction 
>f the sinking was across the river, the rock being thrown on the mate from barges 
which were pushed over the mats as they went down. Owing to the slack current 
bhe work of sinking was extremely easy and cheap and the perfect covering of the 
bottom was a certainty. The sill over the bar and up the bank on each side is 200 feet 
widO; and was made by laying down two courses of willows, 3 to 4 inches thick, cross- 
ing each other, the direction of the willows in each course being diagonal to the sill. 
This was balLetsted with rock piled in rows 12 feet apart and ranning across the river. 
Fwenty-four pounds of rock to the square foot was used on the bar and right bank 
and 28 pounds per square foot on left bank. The area covered was 407,7^ square 
feet, and cost 5.7 cents per square foot. A portable railroad with cars hauled by 
mules was used to distribute the rock over this portion of the work. The track led 
over a trestle to the rock barses in the' river. The rock was obtained at Harrisou- 
burg and Pineville, La., and nad been stored in the vicinity during the preceding 
hi^h water. The willows were obtained from the bars in the immediate vicinity. 
Grrading was only required on the left bank, which was cut to a slope of lour to one, 
asing a water Jet from pile-driver pump. The new quarter- boats enabled us to take 
much better care of the foree ernployed and there was much less siclcness. 

Material used. — Five thousand seven hundred aud fifty- seven cords of willows, at 
^1.31, delivered; 7,815 tons of rock, at |2.30, delivered; 113,392 feet of lumber, at 
|15 per M, delivered. 

On November 16 the plant was moved to Plaquemine to be used in constructing 
submerged spors. 

REPAIRS TO PLANT. 

On Februarjr 6 the plant arrived at Simmsport from Plaquemine. A dock was con- 
itrncted out of an old coal-boat, in which the launches Ruby and Alaslca, quarter-boats 
Alpha and B«to, and tug Ccmstock have been docked and had their hulls thoroughly 
repaired, calked, and painted. A new cabin is being built on the Comaiook and im- 
provements and repairs are being made to her machinery. All the barges in the plant 
have been put in good order except three old ones which are not worth repairing. 
Owing to the very high water most of the property had to be moved from the build- . 
LDgs on shore and stored on the barges and quarter-boats. 

SXJRVBTS. 

Sections in AtchafalAya from Barbre's to Simmsport were resounded in November. 
Sections in Morganza were resounded in October. 

DISCHARGE OBSERVATIONS. 

I began measuring discharge at Bed River Landing February 20, and at Simmsport 
March 6, using current meter. Since March 20 Mr. G. Ed. Mott has been the ob- 
server. Twenty-one discharges have been taken at Red River Landing, fourteen at 
Simmsport, and two at Natchez. All have been computed. 

PROTECTION OF LBVBBS. 

The launches Alaska and Ruby have been employed most of the time since March 
19 in the work of protection of levees between Simmsport and Bayou Sara, Louisiana. 
A lar^ amount of lutnber and sacks was distributed by the Rtiiyy. The Alaska was 
used m patrolling the levees, and being a very fast boat material was taken to threat- 
ened points very quickly. A pile-driver was also kei)t ready for work with a supply 
of tongued and grooved sheet-piling aboard. The piling was made of three planks, 
each 2 inches by 12 inches, bolted together. The center planks were all carefully 
dressed to the same thickness, and they projected 2^ inches beyond the edges of the 
other two to form the tongue and groove. The driver was used only once, where a 
bad hole through a large levee at Flaber's Landing was stopped by driving sheet-piling 
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on the river mde. The levees nearly over the whole line had to be raised, aiK 
were sucoeosfally held acainst the rising river till April 21 and 22, when a aevcM 
and wind storm oansed many hreaka. Soon after the MoxvaoEa Lievee Ir^a 
mattress was oonstmoted and sunk to hold the lo^er end of the levee, whkli 
eaving away at the rate of 100 feet per day, and it has sacee8afnlly[pT<»teeted xit 
of the levee. It was oonstmoted, in aooordanoe with yoor direotioo, of wiUo^t 
oines 50 feet long and 1 foot in diameter, honnd with rope. Enough fiseeuiav 
fastened together side hv aide to make a mat 50 £9et by 125 feet. It wae boih k 
w^s placed on the slope of the levee, and when finished was towed to paii 
and sank. Nothing hut willow brush and rope was used in oooatractlng it ac-1 
was ballasted with rock in doable s^ks tied on to the ropea in mftt. One end > \ 
mat was supported by a small lowering barge, and the swift onrrent nmning . 
the mat helped to support it while the rook was being tied on. The Baeab^u* | 
rock on the end nearest the crevasse, and moved along gradually aa the mat 1 1 
down so their trips were in water. When all the rock was in place the end of tb' : i 
at the barge was quickly lowered to tito bottom. The fascines made the nu: i 
stiff in one direction, and prevented its doobling up, and as they were fastened r \ 
rope the mat was very easy to bend in the other diieotion. and it wrapped arooi 
end of the levee very nioelv. When sunk the mat was 00 feet from end of levee. .; 
the levee caved away till tne mat wrapped around the end. 

MISGBLLAKBOUB. 

C09i 9/ taititteacf daHii^ ike year. 

Cost of raw ration, including ice .cents.. 

Cost of ration cooked and served, including ice do... 

Bxpm^9€ of eUam'hoaU whiU i« wmmieHon, . 

Tug Omeioek per day- \: 

Launch ifickjf.... ...do... 

I^aunch ^iotJiea • do... 

Very respectfuUy, your obedient servant, 

W. G. PuiCK. 

Capt. Dan C. Kinom an, 

Corp$ 0f Sngineeri, U. 8. A, / 



REPORT OF KR. WnXIAM OARYIK. 

New Orubanb, Mmtc^ 24. Ir!* 

Sir: I have the honor to submit the following report of the oboervations lake 
Harlem Crevasse: 

The break measured 49 feet in length with 8 feet depth on upN-stream and 7.: 
on down-stream end. The greatest velocity of the current, taking a distance o: 
feet, 50 feet on river and 50 feet on land side of center line of levee, I found to b« 
feet per minute or 6.81 miles an hour. 

The floats used were pieces of timber 3 by 6 by 10 inches ; the distance was l- 
tained by mooring the skiff to a willow on river side of crevasse and rannin^ 
lead line with buoy on lower end. The man in skiff would call time when sta- 
float and another call time when the float passed the buoy. I also ran floats frt': 
feet outside to center line of levee ; the velocity there I found to be 750 fevt 
minute or 8.52 miles an hour, which, in my opinion, is the most correct, as a '< 
heavy drift; lodged 75 or 80 feet below creyasse, caused a great many whir); 
and breakers below or on land side of center line of levee. At times the flpatd ▼• 
stand stationary for a second or two on the breakers and under the moat faTorni 
circumstances would require six seconds to run the lower 50 feet. This drift I 
made it very dangerous to attempt to sound the center of break. 

The gentlemen who were in charge of the work closing the break thon^ik 
much deeper in the center, but from the appearance of the flow of water I oodU 
no reason why it should be much, if any, deeper than I found it,5 feet from eacb ^ 

Assuming the depth to be 8 feet and velocity of current 750 feet per minnt^^i 
break would have a capaci^ of 294,000 cubic feet a minute. 

On my way down 1 passed the Jesuits Bend break ; it being behind quite s I 
batture and heavy growth of willows. It could not be seen from the river. I retd 
to this break at 4 p. m., but owing to the location found it impoaaible to takt 4 
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ccurate measarements ; the willows at this point ffiow within 15 feet of tbe levee, 
' h i ch made it impoeeible to ran floats throagh tbe break. There were no obstructions 
n the land side of this break , and I ran some floats from center line of levee, es- 
i mating the distanoe, and found that it required firom seven to nine seconds for them 
o run 100 feet ; the same results as at Harlem break on the river side. There was 
.G feet of water on ends of break, but every appearance of a greater depth near cen- 
er ; I estimate the length at 90 feet. 

It would have required five or six hours* time to take accurate measurements and 
or&ndinss in the Jesuit Bend crevasse. 

Should I be sent out on work of this kind again, I will have a better knowledge of 
vhAt is required and be prepared for any emergency. 
Very respectfully your obedient servant, 

William 'Gakyxn. 

Capt. Dan C. Kihgman, 

Corjw 0/ Engineer; U. S. A* 



BBPOKTS OF MR, B. J. OLIVBIRA, OBSBRVXR. 

Nbw Orlbaks, March 24, 1890. 

Captaik : I have the honor to submit the following report of the observations . 
;aken at <* Nita Crevasse," St. James Parish, La., about ($3 miles above New Orleans, 
!darch23, 1890: 

The break measures 642.1 feet in width, and an average depth of 14 feet. The 
velocity of current through the break was ascertained by surface floats, and was 
found to be 12.44 feet per second. To ascertain the mean velocity, 20 per cent, re- 
luction was taken from same, leaving 9.925 feet per second, thns making the actual 
lischarge 89,462.5 cubic feet per second. The floats used were made with pieces of 
timber 4 by 6 by 12 inches, the distance beins ascertained by measuring between the 
old and new levees, and was found to be 140 feet. A man was stationed at the end 
of the old levee, and the float was thrown, and when it passed in line he would call, 
and another man was stationed at the end of the new levee who would call time 
when the float passed in line with him. Ten floats were used. The time was accu- 
rately registered for each float. The greatest time for a float to pass said distance 
was thirteen seconds^ and the shortest time was nine and one-half seconds. The 
Miftsissippi Valley Railroad Company have built about 80 feet of piling out from the 
north end of the crevasse, and soundings were taken from the piling with results 
varying from 13 to 15 feet in depth. Platforms were also riggeld with an upright 
post in the center varying from 12 to 20 feet. The jposts were worked on a pivot, 
and railroad iron lashed to the bottom of each post. One at a time, was sent through 
the crevasse. Every time they would touch bottom the projection at the top womd 
be pushed to an angle, and by experimenting in this way I ascertained the average 
depth of the break to be 14 feet. 
Very respectfully, 

B. J. Olivbira, 

Ohserver. 

March 25, 1890. 
Since the date of my report, I have learned from the officials of the Mississippi • 
Valley Railroad Company that a cave of 20 feet more has occurred at the south end 
of the crevasse. 

B. J. Oliyibra. 
Capt. Dan. C. Kinqman, 

Ccrpt of SngineerBy IF, S. A. 



New Orleans, May 21, 1890. 

Sir: I have the honor to submit the following report of discharge i^easurement 
token at Nito Crevasse Mav 20, 1890 : 

The accompanying sketch [sketch omitted] will show the line followed to obtoin ob- 
servation, which I judged to be a section of the water passiug through the break. 
The line storts at a point 3,500 feet back of the levee, at north end of break, and con- 
tinues until within 450 feet of the south end, where the current was too strong to 
proceed further. 

Twenty-two soundings were token with a pole, the depths ranging from 5 to 12 feet, 
and tbe same number of meter readings, taken with a '* Price" current meter No. 23, 
with resulto showing velocity of 4.25 to 8.437 feet per second, making the total dis- 
charge for actual line taken to be 301,985 cubic feet per second. 
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I think abont 45,000 onbic feet should be added to the diHoharge as aUoiras?* 
the 450 feet at south end of orevaaee where the carreni ie very strcnifi^, and & 
lOfOOO cubic feet for water wasted at north end in space between the levee, ao^. 
feet where section be^ns, which wonld make total discharge of erevaase 35t 
cubic feet per second. ■ 

Very respectfully, your obedient servant, 

B. J. OLIVEOi. 

Capt. Dan C. Kinomait, 

Cofys of Engitteen, U. 3. A. 



* New Orleans, March :i6, Iv 

Captain: I have the honor to submit the following repoii of tbe obaerrt: 
taken at ''Live Oak Crevasse,^ Plaquemine Parish, La., about 26 miles belov > 
Orleans, right bank. 

The same m**thod was used in obtaining the necessary information as for the *' 
Crevasse," with the following results: 

The break measures 116.7 &et. Average depth, 6^ feet ; average velocity, 7,764: 
per second. Discharge, 5.881.8 cubic f eec per second. There is a neavy growth of 
lows in front of the break, which causes the small rate of velocity. 
Very respectfully, your obedient servant^ 

B. J. OiavKiRA, 

Capt. Dan C. Kingman, 

Citrps of EngineerSf u. 8, A, 



EXPORT OV MR. W. J. HARDEE, ASSISTANT ENGINEKIL 

New Orleans. La., May 9, le* 

Captain : In accordance with your verbal instructions of tne 6th of Ma v. 1 
spect<'d and meanured the Myrtle Grove and Nita crevasses and have the houu: 
submit the following report of my observations: 

Both crevasses were visited on the United States tug TUda, the ateamer aai^?i 
in the work incidental to my observations. 

Myrtle Orove }>]autation is situated 35 miles below New Orleans on the west l . 
of the Mississippi Biver. About one-half mile north of the residence of Mr. Wi > 
son, the owner, is where the crevasse occurred. Here I found two breaka. By i 
ferrin^ with Mr. Wilkinson the history of the crevasses was learned. 

During the morning of the 21st day of April a fearful wind storm prevailed, 
water was two-tenths higher than the grade of the levee and held by a line of n. 
ing. The line of levee iu which these breaks occurred is a most miaerable ap<*. 
for a levee, and it is marvelous how it ever held water at all. During the peric^. 
dood and prior to the maximum height the levee had been re-enforoed with r. 
placed OD the back slope, giving it slight additional strength. The lower br- 
occurred first. A large leak showed itself about 15 feet in the rear of the lev 
spouting water from a 2i-foot diameter hole to a height of 3 feet. Mr. Wilkr- 
was on the levee at the time with his plantation force engaged in general protec 
work. A double line of hand-pilini; was immediately driven about tbe hole, hf*-* 
shoe Hhaped, and when this had been filled with sacks and earth to a heif^ht of 4 i- 
the levee in front of the spout collapsed, creating the crevasse. This was at 11 
m. of April 21, 1890. 

At 1 o^dock of the same day the upper break, 260 feet above, occurred. The b 
wind prevailing at the time lashed the water into long running waves which 8«- 
over the levee with such force as to wash it badly. Here five small breaks occarr 
directly due to wave wash ; the small breaks gradually merged into one large ot- 
ing. The ends of both gave way rapidly for about four days when all enlarge lV 
practically ceased and Uie ends at present are not apparently washing at all. At 
time of my observation the water was just 1.8 feet lower than when the crfva»^ 
occurred. The original levee is about 5.5 feet high. Measures to (dose the eic^vsr 
\rcre contemplated, but no work done. Here are the measurements found on M;*< 
1890. Break No. 1 : Width, 295 feet ; average velocity 5.04 feet per aeoood ; av 
age depth 3.5 feet ; making a discharge of 5,153 eobic feet per second. Break Ko. 
Width 540 feet; average velocity 2.18 feet per second; average depth 5.5 leek; c 
charge 6,474 cubic feet per second. 

The observations at Myrtie Grove completed. Journey was eonttnned to Nita ^'* 
vasse, about 65 miles above New Orleans in St. James Parish, and meaanrements il* 
May 8» 1890. 



^ 
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The origiB of this break together with its early history is so well known that it will 
ot be repeated. No enlargement is taking place at the north end. The sonth end 
k enlar|pDg abont 5 feet per twenty-fonr hours I was told. 

fiy triangulation from opposite bank the width of the break was determined to be 
^892 feet. The mean velocity deduced from eight measurements, taken at different 
ointfl in the orevasse, was 9.28 feet per seeoud. The depth was found to range from 
3 feet to as ranch as 20 feet immediately in the throat of the crevasse. The mean 
epth is placed at 15 feet. These measurements show a discharge of 402,566 cubic 
eet per second. 

The following will serve to show the method by which measurements were ascer- 
tained at the crevasses herein reported on. The widths were determined by triangu- 
ation or stadia reading as was most expedient. Surface velocity was measured with 
loats between range lines, about eqni- distant from and (Sn either side of the center 
ine of levee. This surtace velocity was reduced 20 per cent, to acquire mean veloc- 
ty. The currents in the crevasses were too strong to permit the use of boat and lead- 
line; therefore the depths were measured with perpendicular pieces or poles placed on 
ft pivot in a square frame made of wood so as to float. Above and projecting from the 
water about 4 feet of pole extended. The pole was weighted so that it could carry 
itself Tertically when the float was launched and the pole met no obstacle. When 
tbe pole would come in contact with the bottom it would incline the upper extension. 
The angle was noted and tbe depth approximated. These lower poles were of differ- 
ent lengths and numerous floats were sent through the crevasses at different points 
until the depths were determined. Owing to the impossibility of securing an accurate 
profile or cross-section of the bottom, it mast be remembered that the discharge fur- 
nished is only approximate. The measurements were taken in such manner, however, 
as to insure reasonably correct figures. 

Very respectfully, your obedient servant, 

W. J. Harder, 

Assistant Engineer, 
Capt. Dan C. Kdtgman, 

CorjM of Engineers^ U, S. A. 



BBPORT OF MR. H. 8. DOUGLAS, ASSISTANT EN6INKRR. 

New Orleans, Jifay 19, 1890. 
Sir : I have the honor to submit the following report, in compliance witb your 
directions to give a history of the crevasses on Tensas Front, fourth district, with 
measurements of discharge, width and depth : 

LAKE CONCORDIA. 

I can not give any very reliable information as to the cause of the break, as my in- 
formation is mostly hearsay. 

Within 150 feet of the break I had bad some work done at the junction of the 
run-a-round of the 1884 crevasse and the old levee. On April 18 I made a careful 
inspection of the levee in this vicinity, and walked over the particular place where 
the break occurred. No weakness was shown. If anything there was less seepage 
than elsewhere. An inspection of the map will show that in this locality there are 
a number of bayous large and small closed by the levee. The bayous are separated 
by high ridges. 

On April 22, about 10 a. m., the levee gave way about 150 feet above the run- 
a-round of 1884 on a ridge where the levee was about 6 feet high. The water lacked 
about 1 foot of being to the top. Twenty minutes before the break occurred 
horsemen had ridden over the levee and detected no signs of weakness. As described 
to me, tbe water burst through the embankment about half-way between the crown 
and toe. The crown fell in and the Lake Concordia crevasse of 1890 was inaugurated. 
In a very short time it had enlarged to 50 feet, caving into one of the bayous. There 
never was the slightest hope of closing it, the bayou and the nature of the soil 
making such a task hopeless. 

On the morning of the 23d I visited the crevasse and inspected the levee generally. 
The weather was perfectly horrible, and every available man was engaged in trying 
to prevent additional breaks, leaving the one that had occurred alone, which was 
very wise. The crevasse at this time was 200 feet wide, with a very swift current rufih- 
ing through it and tearing its channel all to pieces. As tbe crevasse of 18H4 cut a 
(banuel of 60 feet deep on the line of the levee I knew that this one would do about the 
Kame thing, and that there wonld be no hope of rebuilding the levee on the original 
line. The great danger was that the upper win^ of the levee closing the crevasse 
of 1884 would be undermined from the rear. I directed that operations be confiue<l 
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to preventing this instead of proteeting the ends, m I was particalarly sii* 
have the lower end cave off, to that the direetion of the carrent mi^t be cti 
and deflected away from the rear of the winff previoaaly mentioaed. I gtr^ 
tions to make small rough mattvesses of willows fastened with xope and W.- 
with sand- bags to prevent the wash at the base of the levee. I ooimdared tbr. : 
have not changed my opin ion, that piptecting the ends was of minor importu 
that a certain amoiint of caving woold be benefieiaL 

On April 27 I again visited the erevasse, and foond that the ipap had incn> 
about 450 feet and that the current had slackened. A pile-driver and crew bv 
brought down from Yicksbnrg and a tag and barses bad been chartered* 
dike nad been constructed at the north end of &e break and waa appsir: 
temporary t>enefit, although it appeared to me to be ondercnttin^. 

I next visited the crevasse on May S. The pile-work at the north end it 
and but little caving had taken place. The lower end had caved into th^ 
wing of the levee of 1884, and as I hoped and believed all oavinjc on the rr« 
been almost checked. Another pile-dike had been built at the south end, bet 
undercutting faster than the foree engaged coald pile in sacks and hraah. M: 
visit to the crevasse was on May 4. I found that the pUe-dike at the aoutii > 
the crevasse had been undermined and flanked. The distance from the H 
closing the deep channel of the crevasse of 1884 to the edse of the bre»k was £• 
and the end was slowly crumbling away into the deep channel that had bees 
the rear of the levee. Nothing but a very strongly built mattress ballaated wii: 
would have been successful in holding the end. Owing to the peculiar shap^ 
crevasse and the local topography the cross-currents and eddies were as strocL 
have ever tieen. At the end of the levee the conrent was boring a hole -very a . 
would have been done by a large anger. 

In my Judgment in the time that would neoessarily be consumed in accuDii 
the plant and material and constructing the martrees one of two thinss wock 
hen : The river would fall and confine the crovasse water to the deep channel v 
it had cut, or the break would have extended into the crovasse of 1^4, when t' 
enlargement would not be likely to occur. 

The following special features may be mentioned in connection with the Ltt 
cordia Levee and Crovasse : 

The soil on which the levee rests and of which it is built is peculiar. During tfe 
water it becomes a saturated mass, only held together by the sod. A pole can be :> 
through it at almost any point. The land slope becomes too soft for a man i-: 
over, and the amount of seepage throu^^h the embankment is astonishiiije. Hr 
at which the present crevasse occurred is within a short distance of the Bayon 0< 
dia, into which the water flowed and was conducted into a low uninhabited sw. 
Within five days after the crovasse took place the backwater generally, and, i\ 
ible as it may seem, immediately back of the broak, commence to decline. B 
plantation, the one on which the crovasse occurred, was extensiyely overflovc: 
within 1,500 feet on either side of the broak the front lands were not injured 
plantations 5 miles above the break planting operations wero scarcely inter 
with. The river has not yet caved its way into Lake Concordia except at iht 
end, which is choked with a growth of willows, accumulated drift, deposit, eU. 
steam-boat route into the lake is through the old Waterloo Crovasse shown on tl- 
of Natchez and Yidalia Harbors. The line of old public and rocent private l«vr- 
the river front is nearly continuous to this channel. The result is that as Xh( 
falls the crovasse is transferred from the lake bank to the river front. 

On May 10 I measured the crovasse, with the following results: 

Width feet.- ^ 

Maximum depth do... 

Average depth . .do... 

Maximum velocity in feet per second >^ — .... .do... 

Average velocity in feet per second - .. do. .. 

Discharge 47,042.33 cubic feet per second. 

ARNAULDIA. 

The location of this break is about 1 mile below the town of Yidalia. The or., 
broak occurred on April 23, in a levee about 2 feet high, on a high ridge in hoL' 
plantation quarters. A short distance below this was a lev^ about 5 feet I 
rocen tly bn iit of almost pure sand and not sodded. Under the combined effeeu ot 
and wave- wash this levee melted away. It is quite possible that botii of these l*r 
could have been prevented by a little activity and energy, and hut I fear iba ' 
was lackin jT on the part of those immediately concerned. The Conoordi a CrevA'w 
occasioned something of a panic, and the people were engaged in getting their > 
out of the country, anticipating a general pyerflow. The tlri^t ]^roak was of nc ir 
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ance, aa it did not interrupt traffic on the pnblio road immediately behind it, and the 
fallins river qniokly shut oif the eopply of water. On May 11 its ohaunel was dry. 
On May 11 1 measnred the existing orevaaae, with the following reenlta : 

l^Tidth i feet.. 455. 00 

Maximnm depth do... 3.50 

Average depth '....do... 2.42 

Maximnm velocity in feet per second do... 2.00 

Average velocity m feet per second do... 1.70 

Discharge, 1,871.87 cubic feet per second. 

HSKDER80N-ASHLET. 

The only weakness of the Henderson- Ashley Levee was lack of height. It has a 
crown width of ftom 12 to 20 feet, and is, I believe, generally used as the public road. 
The weakest portion was a mn-aronnd built to dose a gap caused by the caving into 
the river of a salient angle of the original line, and it was in this run-around that 
the break occurred. The levee, for a distance of about 4 miles, was generally over- 
topped by the flood, but it had been temporarily raised with lumber and sacks backed 
up with earth, making a second levee on the crown of the original one. 

During the severe and prolonged storm of April 21, 22, and 23 breaks in this little 
levee on top repeatedly occurred, but they were closed. On the 23d, owing to the 
panic occasioned by the Concoraia Crevasse, the force was somewhat demoralized 
and disconraged, and they let one of these little breaks get toe far ahead of them. At 
this time the difference between the water in the river and the backwater behind the 
levee was about 4 feet. The crown of the old levee was too hard and compact to be* 
cnt away at once, but the rear slope, already softened by the backwater, washed 
away rapidly, until by dnderouttinff of the crown the crevasse was made. It en- 
larged very rapidly to a width of 40<rfeet. On May 3 it had attained a width of 700 
feet. The location of the crevasse is at the lower end of the Ashley plantation. 

On May 12 1 measnred this crevasse, with the following results : 

Width feet.. 873.00 

Maximum depth do... 13.00 

Average depth do... 7,77 

Maximum velocity per second do... 5.55 

Average velocity per second do... 5.00 

Discuiarge, 33,916.05 cubic feet per second. 

METHODS. 

The width of the breaks was measored with stadia. Depths were obtained with 
an ordinary lead line, and the soundings were taken from a skiff which was rowed 
Across the jaws of the erevasse. Sixty-four good soundings were obtained at Lake 
Concordia, forty-seven at Amaaldia, and fifby-four at UenderBon-Ashley. The meas- 
urements of velocity were made with an apparatus based on the old-fashioned log- 
line. It consisted principally of a reel on which was wound a light line or cord, 
tagged every 25 feet. To this was attached by bridle lines, so as to hold it square 
with the current, a triangnlar-shaped piece of thin board measuring 9 inches on a 
side. This was carefully weighted until its buoyancy was Just overcome. A small 
float was attached allowing the board to sink 5 feet below the surface. One of the 
bridle lines was so arranged as to pull out when the board was suddenly checked by 
the log-line, and it could then be easily hauled in. 

In operation two or more stations were selected about 75 feet outside the jaws 
of the crevasse. In most cases standing trees were convenient. The skiff was rowed 
up to and fastened to the station. The triangular board and the float were dropped 
overboard and the former immediately sank 5 feet below the surface. The current 
striking against the flat surface of the board pulled the log-line off the reel, which 
was arranged to run very freely. The stem of the skiff was taken as the zero point, 
and the time of the passage of the first tag was noted. The tags were then counted 
as they passed off the reel and the time noted on the passage of the fourth tag, thus 
giving a run of 100 feet The board was then hauled in, the line wound up on the 
reel, and the whole operation repeated as many times as was considered necessary to 
obtain average velocity. The skiff was then removed to the next statioii, where the 
same observations were taken. 

At Amauldia, the depth being slight, and it being possible to measure a base at 
right angles to the break, the ordinary method of surface floats between two ranged 
lines was followed. 

Very respectfully, your obedient servant, 

H. S. Douglas, 

Capt. Dan. C. Kinomak, AsHsiani EngiMtr, 

Corj^ of Engine^Sf U. S. A, 
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RKPORT OF MR. W. J. HARDKIE, ASSISTANT KSGUnCKK. 

Captain : I have the honor to sabmit the folio win j; roport on erovasse i 
xnents in the parish of Pointe Conp^, and East and Week Baton Rouge, exerr 
accordance with your verbal instructions of May 19, 1890: 

Departed from New Orleans on the steamer Jesw K, Bell at 5 p. m., Msy . 
reached Bayou Sara at 5 a. m., May 21. Then proceeded by steamer SielU ^ 
Red River Landing, reaching there at 12.30 p. m. of the same day ; secured a ^V 
made the passage to Simmsport, arriving at the United States fleet at 4/^ 
Found the steamer JSa^y somewhat dismantled and about to be put in doc l 
boilers were washed, cylinders packed, the boat provisioned and fally eqiiip> 
the trip, and left exactly at 8 p. m. Red River Landing was readied at lu.l 
and the boat laid up for the night. Got under way at daylight May 22. At ~ 
met the st«amer La^ra Lee, and as our coal was light, and fearinK we would &' 
a sufficient quantity to carry us to Bayou Sara, I borrowed twenty boxes fr 
captain of the Lanra Lee with the understsnding it is to be returned to hk ii 
New Orleans. Early during the morning the 

RACOOUKCI CRBVASSK 

was reached. This crevasse is situated in the line of levee that eroeses Br 
Point. The line of levee extends from Raccourci Landing acroae the point r< 
courci Bend of Old River, thence on to Smithland whers it resumes its positic: 
the bank of the Mississippi River. It was where this line of levee craesee the :> • 
tion of Mr. Horace LeT)oux that the break occurred. The levee is a vM-yok 
When built in 1866 was very small, and has several times been enlarged. Mr. .' 
Cotton, a planter living near by, who controlled a force of labor on ue leve<r i 
the flood, reports that during the life of the levee while enoounterine high ^. 
bad leaks snowed themselves. These leaks were worked on and Uie mater 
placed as to construct a camel homp both on the crown and side slopes. Uaff 
lar points at present exist. The last time the levee was raised, some fonr y«3 
the contractor in putting the enlargement on the front side cut away some «: 
humps on the back slope. It was where there had been a hump and which hs4 
cut away tbat the break occurred. There had been no unfavorable 'weaknsfr 
cated, and Mr. Cotton passed over the place only a half hour before. 

At 9 p. m. of April 22 a spout of water as large as a flour barrel bntst ontc 
ground just where the back slope of levee meets same. In l«s than ten minllt^ 
crown of the levee collapsed, and for ten days afterwards the break rapi^l 
creased until the present dimensions were reached, when iJl Tirtual enlarfc 
ceased. Height of levee in which break occurred is 6 feet. 

The water at its highest, and at the time of crevasf^e, was flnsh with the r 
and wave overflow detained by a line of planking. The present elevatioo ^ 
water is 4.4 feet below the grade of levee. In the center of the crevasse a deep 
has scoured, measuring as much as 40 feet, and as no such body is passing tb' 
the break, the depths for discharge computations were taken on the battore io ' 
and the velocity of current measured at the same point. 

Statement, 

Average of eight velocity measurements, per second 

Average depth often measurements -. 

Width of break 5» 

Discharge, 5,417.28 cubic feet per second. 

Journey was continued, and shortly the 

UPPRR MOROANZA CIUETA88B 

was arrived at. This break is situated nearly a quarter of a mile from tin 
bank, in a very dense growth of young cotton-wood trees. The levee appesn i 
a very stable piece of work, standing about 8 feet high and covered with s ^ 
growth of closely cropped Bermuda grass. As the flood increased this levee war 
to be too low, and was raised with sacks and earth until its elevation was iaerc' 
1.1 feet. About midnight of April 21 the crevasse occurred, and was brought »*' 
by the waves lashing over the levee, which already fully saturated and soft p" 
an easy victim, and an opening was soon washed. At that time the water was u 
flush with the new grade. On May 22, the date of my observation, the fis£«7 
just 7.7 feet below new grade. The crevasse waters were so turbulent as to r*^ 
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^^»affe through the orevasae extremely hazardeoe, except at one point, where a sae- 
»o«fal joamey waa mode. From the appearance of the water I judge large holes 
B^^ve aoonred where the Immm of the levee rested. The depths were taken on a paral- 
»l liae to levee, about 125 feet to river side. Here passage was made, in the skiff, . 
:^ rough the trees, and was not only very difficult but very dangerous. Only expert 
«>»tmaii8hip by the four in the skill prevented ea^izing. The current was measured 
c& the line of soandings. The width was determined by stadia reading. The south 
Q^ of the break is just 300 feet north of the station of the new Mor^ansa Levee. 
*rx>iii an old negro nsherman, who frequents the crevasse daily, it was learned that 
11 appreciable enlargement ceased several weeks ago, and the ends are now holding. 

Statement, 

Feet. 

k-^erage velocity of seven measurements, per second 5 

Leverage depth of eleven measurements 8 

Vldthof crevasse 790 

X>ischarge, 31,600 cubic feet per second. 

All measurements completed we returned to the Buhy and dropped down to New 
^organza; went in and followed the extreme southern chute, and in a few moments 
Ix^ew np at the south end of 

KEW MOROAXZA CRSTASSB. 

This break occurred about midway the new levee constructed in 1886-'87 by the 
>tate and Government jointly, and practically in the bed of the old crevasse. The 
e^ee was to all appearances very stable, and could have well stood a height of water 
within a foot of its top. It was well erown over with Bermuda grass. Owing to the 
^reat height pursued by the flood, it like many others had to be raised. The height 
was increased just 1.4 feet with sacks filled with earth and protected against wave 
overflow by line of planking. The crevasse occurred during the night of April 22. 
[ts direct cause is not known, as no one was present. The space in front of crevasse 
s open and the wind has free action on the water. It is presumed that the water, 
hen nearly flush with the new grade, agitated into waves, washed over, and created 
he break. For a short distance from e^ch end there is a good stiff current, but out 
n the middle the current is very flat. The trip was made across the crevasse in a 
.Iciff and fifty-four soundings taken. The greatest water found was 19 feet, the least 
'^ feet. By reference to the profile I find that the height of levee at north end of 
>reak was 13.2 feet. The water-surface at date of measurement, 5.7 feet below grade. 
This, then, if only the levee had washed away, should show a depth of 7.5 feet of 
w^ater, but instead there were 13 feet showing a wash of 5.5 feet. At the south end, 
evee 9.5 feet high less 5.7 feet, should be 3.8 feet, but there were found 16 and 18 feet, 
I ho wing a scouring of from 12 to 14 feet. Through the center of crevasse, where the 
pronnd was lowest, there was least wash, and where highest the most wash. The 
amount of wash or change of elevation ranges from 2 to lu feet. As nearly as can be 
indeed, the present profile would, in contour, closely compare with the original, but 
with a rather uniform difference in elevation. 

The levee between the limits of break when constructed ranged from 5 to 24 feet in , 
height. Owing to the difference in depth and velocities the discharge was calcu- 
lated in divisions. On the 1st day of May Mr. Price, under your directions, success- 
fnlly launched a large willow mat 50 by 125 feet, one end of which was connected with 
t>he south end of levee, the other allowed its freedom in the water, swung round, and 
DOW stands away from center line of levee at an angle of about 60 degrees. The end 
at mat is perfectly secure, and no enlargement has taken place since the mattress be- 
gan serving its purpose of diverting the current from the end of levee. All enlarge- 
ment at upper end stopped several weeks ago. 

Statement. 

Feet. 

Mean depth of fiftv-six measurements 13.117 

Mean velocity of fourteen measurements, per second 4. 378 

Width 2,543 

Discharge, 146,034.88 cubic feet per second. 

Measurements concluded, the retam journey was through the same chute. The 
Mississippi Biver reached, the boat.was headed down-stream, and after a short run the 

^ SNKAD BREAK 

was reached. Here the levee is of most inferior proportions. While well sodded, its 
crown is very small and the slopes insufficient. The levee stands 6 feet high. It 
BNQ 90 210 
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wan originally roooh smaller, and inoreased to that bei^ht under » Stale :>^ 
about eighteen months ago. Mr. Snead reports thftt doling the niji^ht of Ape 
Terr heavy wind and rain storm prevailed. The water in the liTer was jor . 
flash with the top of the levee. At this point no sacking h»d been placed' 
levee to raise it. A line of plankinff laid along the front ed^ of crown d' 
wave overflow. Immediately after tne break, which occnrred at 9 p. m., Ar 
five large logs were found close b^ in the rear of the crevasse. No one hark: • 
the crevasse occur, and not knowing its direct origin, it is thoa^bt by the n> 
that these immense logs were precipitated against the frail dike with such v 
by the wind and waves as to burst through it. In this crevasse from the cetir 
of levee towards the rear a lar^ sconr is indicated on the water-earface. 0^ . 
the turbulence of the disolyarging waters no soundings oonld be secured in v. 
mised hole. The depths registered were taken on a parallel line jost in front 
river-side slope, and as current measurements were t«ken over name oonrse a . - 
discharge was asceitained. All enlargement of break stopped within ten d^o . 
date of break. Riyer now 5 feet below top of levee. 

Statenent, 

Average depth of seven measurements 

Average velocity of three measurements, per second 

Width of break : 

Discharge, 3,139.92 cubic feet per second. 

In the same line of levee and about 500 feet south of the Snead Break is the 

STONEWALL OB LANAUX CRXVAflfiX. 

This break occnrred about 9 p. m. of April 21. The water was flaah with th 
of the levee. To provide against wave* wash a line of planking was placed al(%i 
river edge of crown. During the day of April 21 a most severe wind and rain ^ 
prevailed, extending into the night. The waves lashed by the wind ran veir i 
and the planking proved inadequate to entirely oppose so severe a strain sli 
continued washing over of the waves tore an opening in the levee. This levee 
feet high. Its height was not inoreased during the flood. The piece where i 
occurred had been thrown out and a run-a-round built in the rear of it* The : 
round, however, was never used, as the levee thrown out was shortly afterwar^ 
larged and made a part of the system. To drain that little territory enoompaased b- 
levees, about one-fourth of an acre, the new levee was out. When break ocear?. 
front line the discharging waters continued on through the opening in new levei», . 
by their force enlarged the ends of both openings. All >enlarg«ment took plac? 
ing first ten days succeeding date of crevasse. Water in river 5.05 feet below f. 
in levee. 

Statement, 

1- 

Average depth of seven measurements 

Average velocity of three measurements, per second 

Width a 

Discharge, 3,044.16 cubic feet per second. 

Journey was continued, and a short run brought the boat to the 

FANNY RICHS CBSVAB8E. 

Here I found Mr. J. H. Stonaker, who informed me that this break occurred &t 
a. m.,of April 21. Shortly before that hour the tow-boat W. W, (yifeOl passed l 
mid-stream. The waves created by her wheel broke away a large amonnr oi 
planking along this front. The planking gone, the swell occasioned a alight i° 
overflow at several points. At one of these points the crevasse ooourred. Mr. .*> 
aker passed by the place not longer than twenty minutes before. While recon 
and on reaching the spot referr<^ to, he observed a large crack in the rear slop 
the levee. This crack rapidly enlarged. A messenger was dispatched for a ]-. 
force engaged about a half a mile above. In less than ten minutes, and be£sn 
force could arrive, the broken piece slid out, the crown collapsed, and the w« 
burst through. The break occurred within 150 feet of the present north end of ' 
vasse. Enlargement was rapid for first ten days, extending almost alto^^ether d> 
stream. For past ten days no practical enlargement. This is a 6-foot levee. I 
ing the period of the flood, for lack of height, this levee was raised 1.6 feet witt- 
and sacks, and the water stood about flush with the new t<^. On day of m€«< 
ments river water 4.7 feet below new grade. Owing to ^eat chanffe of dept!: 
velocity at diflerent points in the crevasse, the discharge is computed in dlvifiioi 



.PPKNDIX W W— JUia»OKT OF MISSISSIPPI KIVKK COMMISSION. 3347 

Statement, 

JPmU 

average depth of seventeen meaBoremen ts 7. 371 

cveraij^ veloeity of eight measarements, per second 4.354 

Vidth 845 

Oiaoharge, 27,118.84 onbio feet per second. 

It* was now nearly sunset, and as Bayon Sara was reached night was fast approach- 
II S. Amooiing was seonred, and at daylight the following morning, May 23, we 
tea.raed away and headed for the point Jnst below and on opposite bank, where is 
ituated the ^ 

PBE8TON GRSVASSB. 

Here I fonnd Bfr. W. H. Lewis, the manager of the Preston plantation, who kindly 
ximished me with the following history of the break and its closure. The crevasse 
>coarred at midnight, April 21. During the flood the levee was seen to be too low to 
>ppose the increasing water elevation, and was raised with sacks and dirt a totiJ of 
).9 foot. To provide against wave- wash a line of planking was positioned at river 
3dge of crown. No particular weakness was known at the point where crevasse 
occurred. No one was on the spot at the time. The general impression and oondu- 
4iou is that the waves, then rnnning very high from the storm winds, washed over, 
»nd. so continued until the levee succumbed to the destroying agency. At time of 
break water was about flush with the increased grade. This crevasse was closed 
May 17 with a line of 4 by 4 foot piline driven perpendicularly about 4 inches apart 
and sufficiently braced with other small i>iling, connected by lateral bracing, to retain 
Htructure in its position. Sacks filled with earth were then deposited on the river 
Aide of the line of piling nntil an elevation above the water was reached and the body 
compact enough to check all free percolation. All material used was furnished by 
the United States Government. Work was commenced on May 12 under the general 
mi perin tendency of Mr. Bennett Barrow, and, as stated, concluded May 17. 

A large and deep hole has scoured in the body of the crevasse, measuring as much 
as 45 feet in places. Soundings were also made about half-way between center line 
of levee and crib work. As water receded in rear with closure of crevasse the mate- 
rial in levee between the ends of crib and ends of break were borrowed to fill sacks. 
The linear distance uf levee cut away for such purposes amounts to 2.30 feet. On the 
north end the cribbing was started 132 feet from end of break. The greatest distance 
between cribbing and center levee line is at a point about one-sixth its distance from 
Honth end, where it measures 100 feet. Soundings were taken along the crib-work 
on the inside. 

Siatememt, 

Feet. 

Original height of levee 3.6 

Raised height of levee 0.9 

Width of break 213 

Present river water, 3.5 feet below new grade. Water in break, 2.6 feet below river 
water. 

Aboat 3,000 feet below are two smaU breaks known as the 

TAYLOR BHKAK8. 

Break No. 1 is the lower. This levee had been raised prior to the ciwasse and pro- 
tected from wave-wash by line of planking. About 9.30 a. m., April 20, the waves 
ran over the top of the levee creating the break. No scouring took place, and on 
May 11, this break was closed by a line of inch boards driven in the ground as piling, 
and re-enforced with sacks filled with earth deposited on the front side. This struct- 
ure was placed immediately at foot of river-side slope. At the time of break water 
was Jujit floah with new grade. 

Statement, 

Feet 

Original height of levee 3.7 

Raised height of levee.--- 1. 4 

Present water under new grade 2,6 

Average depth of break below new grade 3.4 

Width of break 203 

No. 2, or upper, situated about 600 feet north of No. 1, and is in the same line of 
levee. It was closed as No. 1, and on the same day, May 11. 
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StaUmmU, 

Original height of levee 

Raised height of levee • ... 

Present water below new grade - . 

Average depth from new grade 

Width 

All of the forei^ing crevasees are located in Pointe Coupee Pariah, Lia., on Xh- - 
bank of the Miasimippi River, the snooeeding two in West Baton Boa^ Parish, ^ 
we&t bank ot the Mississippi River. 

Measarements concladed at Taylor Breaks, the boat was headed for 

POINT MANOnt, 

where the conditions were peculiar. In the joar 1886-'87 the State bnilt «: 
known as the Point Manoir Levee, extending from Hermitage Landin^^ down-s:' 
a little more than a mile. This levee was to sncoeed a then existinj^^ levee verj i 
to the bank of the river~a levee expected to cave in at any time. The leret, i 
ever, stood until recently. When the flood of this year eame the residents lie- 
action was on the front or old levee. The basin between the old and new levee :> 
nred a little more than a mile long and in the center was abont 2,000 feet wide. 
ends incliniog towards the river to almost a point. This basin had been pan 
filled with water by means of siphon. Great care is nsuaUy expended in sc- 
stances to make an opening in an old levee on the eompletion of a new or back 
that the new work may feel the effects of the water slowly and not be exposed t- 
sndden strain. Here tben was a new line of levee bnt three and a half year? 
without having been thoroughly moistened, lyingexposed aud subject to the grei* 
pansion of heat, causing large cracks and otherwise promoting instability. Af * 
long expected, yet during the flood feared, a lar^cave occnned in the riTer ha:^ 
Hermitage Landing, carrying in with it a large piece of the old levee. This caved i 
midnight April 30. The sudden rush of waters caused the opening to enlai^ 
it is now about 600 feet wide. So large a volume of water suddenly preoipitatef 
the limited basin filled it rapidly, and within one hour after the cave the «r»i' 
basin and river were of equal height, in places water standing flush with the i 
the new levee. To all appearances the levee is a stable embankment. It has & «. 
full crown with regular and well filled slopes, all of whioh are closely oovere<i ' 
a heavy mantle of Bermuda grass. 

The strain so suddenly given this levee could scaroely be expected to crease 
damage than was effected. From Mr. A. Le Jeune, who controlled a patrol i«(* 
the Point Manoir front, 1 learned that he passed over where the break occurred 
a few minutes before same took place on a tour of inspection. As be returned Lt 
served a larfi^e stream of water issuing from the rear slope about half>way np 
dispatched his companion for a force of men, but only a mw minutes elapsed br 
the crown of the levee fell in, and the material of sand and light loam wraaned rfti> 
and within the half-hour a large and angry break was operating. This break l- 
cated at the lower end of the leTce and is in the main curtain, the aoath end nsir 
at the angle where wing turns to meet old levee on front. The break oconrreO > 
near the present north end and extended rapidly down-stream. At present, sincy 
closure at Hermitage referred to below, the break is entirely d^. Virtnalh 
scouring took place. The surface of virgin soil is barely more than broken in pli: 
in others undisturbed. The work was so clean yet indestrnotive as to clear the c 
ditch of material place<l in it, giving it the appearance of Just having been cut. 

Statement, 

Height of levee ., I 

Water below grade at time of break i 

Width of break 5T] 

At Hermitage Landing the Point Manoir Crevasse was closed. OperatioDs y^- 
directed by Mr. Martin Glynn, assisted by the Sewall Brothers, with their pa^ 
piling. Work was commenced on the 9th of May and concluded May 17. Work « 
commenced on north end. When about midway across the draught became so ^ 
that the Sewall piling could not be driven securely, and after two nnsaccessfnl 
tempts a line of cribbing and sacks similar to that used at Preston was eatablL<il> 
circular in shape on the front side. The current checked, the Sewall piling \i'&'« i 
tinued, but from that point to southern Juncture with levee a strong re-enforcfu* 
of sacks w^as placed as high as present water-line in front of this Sewall p>*- 
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»oundings were taken at each 100 feet along the crib-work. At highest stage water 
vae jnst above grade of old levees and held by a line of plaukin^^ and sacks. 

Statement. 

i^'ater when break occurred, below highest water feet . . 2. 30 

Present water, below highest water do... 4.20 

Li^ngth of piling do... 980.00 

^^erage depth of water do... 2.8-^ 

^rea of discharge sq.feet.. 2,763.60 

After a short run the 

LOBDELL CREVASSE 

Tv^aa arrived at. Mr. A. A. Alford, the manager of the Lobdell Plantation, was seen, 
and says that the break occurred at 4.30 p. m., April 22. The levee is a large and 
high one, standing 1.7 feet above the highest water of this season. It has a wide 
crown and good full slopes, and the entire levee is well sodded with closely cropped 
Sermnda grass. I was told the only weakness noticeable during the flood was a free 
seepage of water through the extreme base of levee, and also through the ground on 
^wbich it rested. Just behind the levee and very near where the breach was made, 
tiliere lived an old negro who says that suddenly there burst out of the ground im- 
mediately at the foot of the rear slope of the levee a large spout of water as large as 
a flour-barrel. In a very few seconds the top of the levee collapsed. The crevasse 
enlarged rapidly for ten day& The enlargement traveled up-stream mainly, the 
break having taken place near the present south end. No change in past two weeks 
at south end ; less thiAU 50 feet have broken off of the north end. Immediately in 
^ont of the levee is a high batture, thickly grown with timber, over which flows not 
more than 1 foot of water. The deepest water and greatest discharge is near each 
end, particularly the north end, where there is an open and deep channel. 

Statement. 

Feet. 

Height of levee 10.000 

Water below levee when break occurred 1.700 

Water below levee at present 7.500 

Average velocity of nine measurements per second '4. 117 

Average depth of twenty-seven measurements 7.221 

Width 1,981.000 

Discharge 58,892.81 cubic feet per second. 

On the morning of May 23, the date of foregoing measurements, the steamer Dooo- 
iah arrived with men and material in charge of the Sewall Brothers, and commenced 
a line of cribbing. No assistance is being Tent in this work by the United States Gov- 
ernment. The Sewalls do not intend under the present plan to continue their crib- 
work all the way around, and fully stop the crevasse. They propose to cut off the sup- 
ply and decrease the discharge so that the then small amount of water escaping will 
cause no inconvenience to the planting interest. Their plan will be a failure. As 
soon as the current in the chute they are trying to dam is thrown against the sand 
lump they intend joining, it is almost a positive fact that it will destroy it and 
leave no terminus for the i^iling other than the almost perpendicular bank of the 
river. Admitting that their prospective terminus will hold, it is reasonable to sup- 
pose that the batture immediately in front of the crevasse, being of sand, will rapidly 
give way and assume a capacity equal t(» that now furnishing the crevasse. 

Leaving Lobdell, a run of about 30 miles brought us to 

MARTINEZ BREAK, 

situated about 12 miles below Baton Rouge, in East Baton Rouge Parish, and on the 
east bank of the Mississippi River. 

Dr. John T. Jones was seen and furnished information concerning the break, which 
he says was occasioned by the washing out of a rice flume, and occurred in the night 
of April 22, during a heavy wind and rain storm. The water was just .3 foot under 
the grade of the levee, and now and then the waves, dashing with great violence 
against the line of planking that had been put down at the low places In the levee, 
would run over. This break enlarged to its present width within twenty- four hours, 
when the ends were secured. Work of closing was inaugurated April 24 and com- 
pleted on April 28. 
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Statement, 

Height of levee,. feet.. 

Siver below grai^eat time of break do... 

Biver below grade at date of meaenreinent do... 

Water inside of break at date of measarement do.. . 

Ayerage depth of seven measniements at crib do... 

Width do... LI 

Area of discharge square feet.. 3.44 1 

Between the ends of cribbing and ends of break there were 234 feet of It^v. I 
rowed and filled in sacks to pnt in break. 

The Buby was now headed for Baton Boage, which place was reached abo:n: 
m. of May 23. The entire measurement of the foregoing crevasses consumed tn. 
two dayi? work. My movements were much expedited bv meeting at each er^N 
some one from whom an authentic history of the break with dates, etc., waaobti i 

The Mvhp was ordered back to Simmesport, and departed from Baton Boage a: 'I 
a. m., May 24. I left a few moments later by train for New Orleans, reaching h^r^ 
noon. 

Very respectfully, your obedient servant, 

W. J. ELabdsz, 
Aseiaiant Enginff 

Capt. Dak. C. Kinoxak, 

€k)rp$ of Engineers, IT. S. A, 



COMMERCIAL STATISTICS. 



CusTOM-Houss, New Orlbans, La., 
Collector's Ofitre, June 9, I>.» 
' Sib: Inclosed please find reports from the deputy coUector and auditor co^er 
the statistical information asked for iu your letter of the 191:h ultimo. 
Respectfally yours, 

W. L. McMiiXEN, 
Speeidl Deputy CoUtfi 
Capt. Dan C. Kinoman, 

Corpe of Engineers, U. S, A, 



Eatnooes. 



CleamKtf. 



Steam 

SaU 

Eatlmate for Jone : 

Steam 

Sttll 



Number, 
9B4 
ISO 

64 
15 



Total. 



1,223 



Tont. 
]. 261, 908 
79,1104 

7S,000 
8.000 



Swmber. 
980 
144 



1,427.812 






1,203 U\0 



Total value of exports, foreign merchandise, to foreign countries. 

From July 1, 1889, to June 1,1890 |759,.^ 

Estimate for June, 1890 85,l^i 



Total 

Total value of foreign specie exported. 



844, 7ty 



28. ft^'." 



Total valae of domestic exports July 1, 1889, to May 30, 1890, inclusive 10^>/263,Oi; 
Estimated value for June, 1890 1.741,:^ 

Total domestic exports for year ending June 30, 1890 107, 004, Tf 

Total foreign exports for year ending June 30, 1890 844, 7«^ ' 

Total all exports for year ending June 30, 1890..., 107,849,531 '■ 
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Imparts of upecie a«d merohandiaey frw and, HuixahU, 

old buUion $17,726.00 

11 vox bullion 4,491.00 

Tn«5]rioan gold ooin 657.00 

m or loan ail ver dollars 1,476.00 

oroign sUvor dollars 420,866.00 

Total for eleven months 445,216.00 

Estimated for Jnne, 1890 25,000.00 

Total for twelve months 470.216.00 

Llao United States carrency 32,320.00 

MerckandiM^ free and duiidbU, 

[m porta for eleven months : 

F'ree $7,138,270.00 

Dutiable 6,323,207.00 



Total for eleven months 13,461,477.00 

Estimated for June, 1890: 

IFne 718,900.00 

Ontiable 702.100.00 



Total for month of June, 1890 1,421,000.00 

Total for year ending June 30, 1890 : 

Free 7,857,170.00 

Dutiable 7,025,307.00 



Total for year ending June 30, 1890 14,882,477.00 

Collections for account of '' Duties on Imports" for eleven months 

ending May 31, 1890 2,478,062.33 

Estimate for June, 1890 175,000.00 

Total for year ending June 30, 1890 2,653,062.33 

Statement ehomng the am&uni and value of commerce pasaing oni of Bed Biver and its 
tributaries through Old Biver into the Mississippi Biver, compiled htf Mr. W, J, Hardee^ 
assistant engineer , from the river column of the New Orleans Daily States, and from 
ossiMtanoe furnished by the commercial exchanges of New Orleans, Louisiana. 

[The period embmoed by tbin report exteqds from Jnne 1, 1889, to Jnne 1, 1890.] 

STATEMENT. 

No mber of steam-boats 20 

TripH made by them 318 

Ket tonna«eof same 108,130 

Number of barses 16 

Net tonnage of barges 9,600 

Total tonnage of steam-boats and barges 117,730 

Total cargo brought (tons) 106,416 

Value of same fl0,022.798 

ARTICLES OF CABQO. 



Apples barrels.. 18 

Apples, dried do 6 

Bones sacks.. 441 

Bottles (empty) barrels.. 612 

Cattle head.. 138 

Cabbage orates.. 6 

Com sacks.. 80 

Cotton bales.. 170.912 

Cottonseed sacks.. 595,189 

Cotton-seed meal sacks. . 21, 646 

Cotton-seed oil barrels . . 3, 101 



Eggs packages.. 3,130 

Excelsior bales. . 201 

Flour barrels.. 62 

Furniture packages.. 182 

Grits barrels.. 131 

Hides loose-. 418 

Hides packages.. 1.195 

Hogs number.. 754 

Honey barrels.. 79 

Horses and mules head . . 20 

Kegs (empty) number.. 158 
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ARTicLBS OF CABGO—ooD tinned. 



Sheep bead.. 

Skins packages.. 

Sugar hogBheads.. 

Sngar ...Darrels.. 

Soroenings sacks.. 

Seed-cotton do.... 

Staves (oak) number.. 

Saw-logs, 10-foot lengths (do 

count made of tonnage) 

Tallow barrels.. 

Wheels bundles.. 

Wool 

Wood 



'l\. 



Til- 



Lumber :.-..fe©t B.M.. 508,799 

Moat bales.. 30 

Moss do... 1,313 

Molasses barrels.. 13,062 

Miscellaneous packages.. 250 

Pecans barrels.. 61 

Fbtatoto do.... 170 

Potatoes sacks.. 301 

Poultry coops.. 83 

Pork barrels.. 56 

Peas .do.... 41 

Peas sacks.. 44 

Rice barrels.. 10 

Rice sacks.. 10,258 

This does not include the up>stream freights which must be nearly eqiul u 
down-stream ones. 

SttUemeni showing the rwer arrivals at New Orleans^ Xontstaiia, from June 1, K^"^ 
JwM I, 1890, compiled fry Mr. W, J, Hardee, assistant engineer, from ike rwer am 
of the yew Orleans Daily States : and from assistance frarmsked bg the eoMmerek 
ehanges of New Orleans, Louisiana, 

ABOVE THB CITY. 

Steam-boats (number)... 

Trips made by them 12» 

Net tonnage of same 547.' 

Tow-boats (number) 

Trips made by them l' 

Net tonnage of same 7iV 

Barges (number) 1" 

Net tonnase of same 47;.!«' 

Number ot luggers (sailing) 

Trips made by them 

Net tonnage of same l'- 

Total tonnage (steam-boats, tow-boats, barges, and luggers) 1, 097 ' ■ 

Total cargo brought (tons) 1,716,4 

Valneofsame $64,6L«li 



BELOW THB CITT. 



Steam-boats in local trade 

Trips made by them , 

Net tonnage of same 



Luggers (sailing) in local trade . 
Trips made by them. 



Net tonnage of same 

Total tonnage (steam-boats and luggers) 

Total cargo brought (tons) 

Valneofsame 



RECAPITULATION. 

Total arrivals, above (steam-boats, tow-boats, barges, and luggers). 

Total net tonnage 

Total arrivals from below 

Total net tonnage 



ARTICLES OF CARGO. 



Acids carboys.. 

Alcohol barrels. . 

Ammonia. drums. . 

Apples barrels.. 

Apples, dried do 

Buckets dozen . . 

Bag(|riDg rolls. . 

Baking-powder boxes . . 

Barrels (empty)... number.. 



1,570 

22 

100 

1,222 

1,078 

3,085 

96,273 

118 

2,065 



Barrel linings bundles. . 

Barley sacks.. 

Beans bairels and sacks. . 

Buggies number.. 

Bungs barrels.- 

Beef do.... 

Bacon do...< 

Beer packages.. 

Bitters boxes. 



18.t- 
4.1" 

19, i*^. 
$1,615, m: 



2,W 

1.097,:'>' 

4,*: 

14U"< 



IS 

l,lii 

II 
i:: 
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ARTICLES OF CARGO— COO tinaed. 



>ne0 sacks.. 697 

ran do... 99,122 

mBhes boxes.. 43 

>lt8 and nnts kegs.. 520 

room-oorn bales.. 2,196 

allcws nimiber.. 21 

laeij)|[^ oases.. 3 

ricks, fire number.. 1,165 

atter packages.. 270 

ottlee (empty) barrels. . 2, 091 

randy do 1 

askets bondles.. 544 

andles boxes.. 2,111 

ordials do 1 

attle head-. 296 

raoken ;boxes.. 51 

abbage orates.. 1,275 

beeae ..' oases.. 11 

anned goods boxes.. 135 

ork bags.. 1 

arts number.. 47 

lement barrels.. 1,550 

andy packages.. 699 

lartndges cases.. 12 

!arriageA nnmber.. 3 

iider packages.. 275 

;oal boshels.. 10,580,000 

:oke do 133,000 

!orn do.... 14,107,385 

lorn sacks.. 323,679 

Iross-tiea namber.. 12,000 

!ott>on bales.. 467,716 

!otton-fleed sacks.. 1,920,959 

!otton-8eed meal do 72,662 

!otton-8eed ashes do ... . 702 

Sarbons boxes.. 2,828 

'otton-seed oil barrels . . 6, 014 

lorn-meal do 99,328 

lorn-meal sacks.. 3,719 

.*ham8 oaaks.. 845 

Hgars cases.. 1 

)rookery packages.. 5,681 

/aatings do 1,666 

)mg8 do.-.. 4,122 

)ry goods do 4,394 

iiggs ............ -•-.do.... 7,368 

ilxcelsior bales.. 1,555 

i'elloes bandies.. 6,566 

'^eed meal sacks.. 9,177 

•"ire-clay barrels.. 505 

•'lonr do.... 329,126 

rionr half-barrels.. 53,377 

rioor sacks.. 6,204 

Traits, dried ....packages.. 30 

Tornitore do 20,596 

B^maoes namber.. 40 

Hax-seed...... sacks.. 25 

Grindstones nnmber.. 4,080 

jUn barrels.. 12 

Garlic strings.. 1,208 

Glass packages.. 7,000 

Glassware do.... 8,051 

Gnano sacks.. 170 

S^lacose barrels.. 1,202 

Sroceries packages.. 11,119 

suae barrels.. 11 

Rrits do.-.. 58,068 

Babe handles.. 699 



Hops bales.. 2 

Hams cases.. 787 

Hair bales.. 2,450 

Hay do.-,. 8,232 

Hay half bales.. 12,452 

Hav quarter bales.. 9,664 

Hides, loose 747 

Hides packages.. 2,336 

Hogs head.. 946 

Honey barrels.. 336 

Hoop-poles nnmber.. 371,613 

Horses and mules head. . 353 

Hominy barrels.. 297 

Hose package.. 1 

Handles .onndles.. 4,55;^ 

Hinges ..barrels.. 277 

Horns sacks.. 6 

Hardware packages. . 11, 002 

Iron do.... 23,046 

Ink boxes.. 209 

Irons, heating do 308 

Krant barrels.. 241 

Kegs (empty) namber. . 1, 872 

Lard packages.. 37,630 

Lead, pigs number.. 1,611 

Lead, sheet boxes.. 505 

Lye cases.. 55 

Linseed-meal sacks.. 5 

Lime barrels.. 3,887 

Lumber feetB.M.. 1,342,633 

Mope dozen.. 233 

Mattresses number. . 245 

Mattresses, wire do 4:^ 

Mucilage boxes.. 219 

Moat bales.. 383 

Mats dozen.. 88 

Molding bundles. . 12 

Moss bales.. 7,586 

Malt sacks.. 17.681 

Molasses barrels.. 169,758 

Milk oases.. 1 

Mirrors boxes.. 2,250 

Meat cases.. 124 

Miscellaneous ...packages.. 32,042 

Nails kegs.. 53,600 

Oysters (shell) barrels . . 2, 070, 000 

Oats (bulk) bushels. . 49, 707 

Oats sacks.. 434,091 

Oatmeal barrels.. 78 

Oil do.... 3,780 

Oil-cake sacks.. 73,035 

Onions barrels.. 3,131 

Onions sacks.. 34,182 

Oranges barrels.. 27,591 

Oranges boxes.. 58 

Pots number.. 1,524 

Pipe packages.. 2,601 

Plows number.. 4,605 

Pecans barrels.. 131 

Pickles do.... 99 

Pickles cases.. 6,569 

Potatoes barrels.. 94,717 

Potatoes sacks.. 69,769 

Poultry coops.. 412 

Preserves cases.. 273 

Pork barrels.. 339 

Putty do—. 51 

Pitch do.... 47 
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ARTICXIE8 OF CASGO — continaed. 



Paint packages.. 

Peanuts baan.. 

Peas barrels.. 

Pmm sacks.. 

Pomps number.. 

Paper bandies.. 

Rope bales.. 

Rye bushels.. 

Rags bales.. 

Rice barrels.. 

Rice sacks.. 

Rings bandies.. 

Sheep ....number.. 

Shot pockets.. 

Simp of figs boxes.. 

Skins packages.. 

Soap boxes.. 

Soap-stock barrels.. 

Single-trees bundles. . 

Starch barrels.. 

Starch boxes.. 

Sacks bales.. 

Stone pie 

Shoes 

Spades and shovels . bundles . 
Seed (garden) . . .packages.. 

Sash- weights number. . 

Staples ke, 

Sugar ho 

Sugar 

Straw bales. 

Screenings sacks. 

Seed-cotton do 

Staves (oak) number . . 

Stoves do 

Safes, iron do — 

Spokes bundles.. 



kegs.. 

boffsheaos.. 
... barrels.. 



2,279 

'S39 

733 

59 

419 

7,042 

175,000 

113 

2,153 

433,036 

5 

397 

4.084 

750 

43 

6,006 

306 

1,512 

687 

45,296 

66 

19 

174 

262 

219 

12,973 

978 

55,169 

237,054 

3,684 

1,394 

783 

1,716,311 

4,066 

1 

3,079 



Saddlery packages.. 

Spikes kess.. 

Siru^ barrels.. 

Steel-wire packages. . 

Shrimp boxee.. 

Show-cases number. . 

Saw-logs, 10-foot l^gtha (no 
count made of tonnage).. 

Twine bundles.. 

Tailow barrels.. 

Tiles 

Tobacco ho 

Tobacco 

Toys packages.. 

Tubs packages.. 

Tin-ware packages.. 

Trunks number.. 

Vamish baiiels.. 

Vegetables packages. . 

Vinegar. barrels.. 

Wooden ware paekages. . 

Wool bags.. 

Wax barrda.. 

Washboards number. . 

Wagons do 

Wheat (bulk) bushels.. 

Wheat sacks.. 

Wrappers bundles.. 

Whisky barrels.. 

Whisky and wines., cases.. 

White lead kegs.. 

White lead cases.. 

Wine barrels.. 

Wood cords.. 

Wir%) reels.. 

Wheels bundles.. 

Washers bundles.. 



\ 
v 

V 
V 

H 

J 

1 



This list includes simply the freights brought to New Otleana by stesia*b« 
and barges on the Mississippi River, and does not include the large and yaloa 
freights that thev take away. No record is kept of this, and it is impossible to fm^ 
even a reasonably accurate estimate of its value. It would amount to a very ir 
sum in the aggregate, probably more than fifty per cent, of the value of freight 
ceived at New Orleans. 

Statememt Bhtnoiwi the approximmte rsoeiplt and Mpw^enU offr^hi Jty rwerfiom h» 
IQBQ.toJunelflfiQO.atNatekegand VUUilia^ Bt^au Sarm, Baton Bouge^ PlaqMmi»ee 
DondldsonviU9f compiled by W, J. Hardee, aetieUmt engineer, firom informaiUm 6i^ 
from the oommercial exchangee of ike reepecHne towne and tAs eeeeral htteimeet hm» ^ 
landingB tehere the 8tean^h<HUe reeeive and dieoharge oargom. 

It must be known that the above towns are, strictly speaking, ** way pointa,' 
not termini ; by virtue of that fact the net tonnage or carrying capacity of the sm 
boats that do business at those places is not given, as it would not show the prr>p 
relation between what would then be made Uie poiwibie tonnage and the actoiltt^ 
nagp hauled. All New Orleans steam-boats are counted '' arrived " when they ^P 
their way up the river, ^nd " departed " when they stop on their way down to » 
Orleans. St. Louis and Ohio Kiver steam-boats are counted " arrived" wheQ:!)^ 
stop on their way down the river, and *' departed" when they stop on their vst t 
stream. 

Owing to the obscure records obtainable many artidesof a like character aiestyk 
under one head. 
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BAYOU SARA.. LOUISIAKA. 

BeetipU. 

Number of steam-boats in tbe trade 

Number of times they arriyed 

Number of bar^ - 

Total cargo amved (tons) * 

Valaeof same tl,M' 



▲BTICUBS OF CABGO. 



Cotton bales.. 

Coal bnshels.. 

Potatoes barrels.. 

Corn-meal do.... 

Flour do 

Pork do 

Corn sacks . . 

Oats do — 

Meat, salt pounds. . 

Soap do . — 

tiard do 

Beer casks.. 

Bagging rolls.. 

Ties bundles.. 

Hay bales.. 

Lime barrels.. 

Bran sacks.. 



9,000 

S62,500 

3,500 

37,835 

14,697 

7,101 

30,000 

75,120 

1,300,000 

15,000 

75,000 

6,000 

4,300 

4,290 

8,000 

515 

6,000 



Screenings. aaeks.. 

Grits banela.. 

Soda-pop boxes.. 

Groceries packages.. 

Fomitore do 

Hardware do 

Wooden ware do.... 

Molasses barrels.. 

Sugar do 

Coffee sacks.. 

Rice barrels.. 

Salt sacks.. 

Tobacco pounds.. 

Miscellaneous packages . . 

FertiUzers tons.. 

Wire coils.. 

Ice tons.. 



SMpwienU, 



Number of steam-boats in the trade 

Nnmberof times departed I 

Total cargo shipped : tons.. *' 

Value of same fl, 696,1.^. 



ARTICUB8 OF CAKOO. 



Cotton bales.. 27,00C 

Cottonseed sacks.. 90,000 

Lumber feetB. M.. 626,000 

Potatoes barrels.. 1,875 

Corn-meal do... 9,458 

Flour do... 3,677 

Pork do... 1,775 

Com sacks.. 7,500 

Oats do... 18.7H0 

Meat, salt pounds.. 300,000 

Soap do... 3,750 

Lard do... 18,750 

Bagging rolls.. 1,078 

Ties bundles.. 1,078 

Hay bales.- 6,000 

Lime barrels.. 178 



Cement barrels.. 

Bran sacks.. I 

Screenings do... 1^ 

Grits barrels.. ^ 

Groceries packages.. '>M 

Furniture do... 

Hardware tons.. 

Wooden-ware packages.. 3,^ 

Molasses bamls.. 

Sugar do... 

Coffee saeks.. 

Rice banels.. 

Salt sacks.. 

Tobacco pounds.. ^ 

Miscellaneous packagjes. . I '^ 

Wire coils.. 1. 



RECAPITULATION FOR BAYOU SARA, LOUISIANA. 

Total cargo received tons.. 20,9^ 

Total value of same $1,696,1^ 

Total cargo shipped tons.. 50,71- 

Total value of same |1,5»,^ 

Total cargo received and shipped tone.. 70,BO(- 

Total value of same J3,286,17fi^' 
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AXnCUM OF CABGO. 



R0O«ipte. 



Potatoes barrelB.. 

OnioDS.... .......... ....do... 

Coim-me»l do... 

Flour..... .... ...... ....do... 

GritB do... 

Hay bales.. 

Com sacks.. 

Oats ......do... 

Bran (wheat) do. .. 

Bra]i(rioe)... .....do... 

Groceries packaffee. . 

Hardware do... 

Wooden-ware do. .. 

Sufrar barrels.. 

Molasses do... 

Rioe do... 



2,600 

780 

7,566 

10,088 
2,275 
1,235 
8,970 

14,960 
2,796 
1.560 

49,355 
3,257 
1,497 
1,352 
312 
1,040 



Coffee sacks.. 

Liquors banela.. 

yineiwr :do... 

OiU do... 

Dry goods pmcka/sea.. 

MisoellaneoQS do... 

Lime ..barrels.. 

Pork and beef. do... 

Meat (salt) boxes.. 

Froits packages.. 

Oysters barrels.. 

Machinery tons.. 

Crockery packages.. 

Fnmitore do... 

Coal boaheU.. 1, 



Namber of steam-boats in the trade 

Number of times they departed 

Number of barges 

Tonnage shipped 

Value of same • J^ 

▲RTICLBS OF CARGO. 



Lumber feet,B.M.. 10,075,000 

Shingles 89,000,000 

Suffar hogsheads.. 1,000 

Molasses barrels.. 4,000 

Moss bales.. 5,000 



Hides (loose) number. 

Fish pounds. 

Potatoes barrels. 

Onions........ ........do... 

Honey do... 



RBCAPITULATION FOB PLAQUSMINX. 

Total cargo received tons.. 

Value of same |KJr 

Total cargo shipped tons.. 4i 

Value of same $6i' 

Total cargo received and shipped „.•.. tons.. ^ 

Total value of same |1,25J 

DOKALDSOKYILLE, LOUISIAljrA. 

BeodpU. 



Number of steam-boats in the trade • 

Number of times they arrived 

Number of barges 

Total cargo received tons. 

Total value of same 



ABT1CLB8 OF CAROO. 



Corn-meal barrels.. 

Flour do — 

Grits do 

Meat (salt) boxes.. 

Liquors barrels.. 

Oils do.... 

Vinegar do 

Com sacks.. 

Oats do.... 

Hay bales.. 

Bran (wheat) sacks.. 

Bran (rice) do 

Groceries packages.. 

Hardware do 

Wooden ware do 

Dry goods do.... 



2,070 

4,565 

1,742 

1,040 

686 

1,030 

103 

10,400 

26,000 

2,060 

1,560 

2,300 

41,000 

2,290 

1,420 

1,148 



Crockery packages. 

Lime barrek. 

Miscellaneous packages . 

Fruits do... 

Oysters barrelB. 

Onions do... 

Lumber 1 feet,B.M. 

Potatoes barrels. 

Acids carboys. 

Wood cords 

Coal bushels 

Susar barrels 

M<Masses do... 

Rioe .« do..., 

Coffee 



.. 1,836, 



-*'r 
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SkipmmOs. 

'iiml>or of 8te»in-bo»t8 in the trade 37 

'iixDl>erof times they departed 742 

'o-tAl cargo shipped tons.. 1|435 

^sLlue of same $135, 2&0 

ARTICUBS OF CARGO. 

>a^ar barrels.. 6,600 I Hides uumber.. 250 

'iolasses do 2,100 | Misoellaneoas packages.. 2,650 

RSCAFITULA.TION FOE DONALDBONVILLE, LOUISIANA. 

Ponxiage reoeived 84,969 

/^alue of same $669,825 

Toimage shipped 1,435 

VTaliie of same $135,250 

TotAl tonnage reoeiyed and shipped 86,404 

Total value of same... $804,575 



